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SUMMARY

Problem and Objective

The Advanced Systems Division of the Air Force Human Resources
Laboratory (AFHRL) has initiated a two-phase effort to integrate and
apply five human resource technologies to the weapon system acquisition
process as the coordinated human resource technology (CHRT). The five
technologies are human resources in design trade-offs, maintenance man-
power modeling, instructional system development (training), job guide
development (technical manuals), and system ownership costing. Phase
One, the integration of these technologies and the development of CHRT. is
complete and is documented in AFHRL-TR-78-6. Volumes 1. II, and I.
Phase Two, the application of CHRT in a weapon system acquisition pro-
gram, is being performed in three parts: Part 1. using conceptual phase
data; Part 2. using validation phase data; and Part 3 using full-scale devel-
opment phase data. Parts I and 2 are complete and are the subject of
this report which documents the activity, results, and conclusions drawn
from the conceptual and validation phase demonstrations. The results
of Part 3 will be documented in a separate technical report.

Approach

The Advanced Medium STOL I Transport (AMST) was the acquisi-
tion program selected for CHRT application. The actual conceptual and
validation (prototype) phases of the AMST acquisition were complete and
data appropriate to each phase were available when this demonstration
began. For each phase of the demonstration, the data were compiled.
the baseline and alternative system and support design approaches were
identified, and the CHRT process was applied. The term system design,
as used in this report, refers to the hardware and software design while
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the term support refers to the logistic support element design. During
the course of the demonstration, the ClfRT techniques and data pro-
ducts were evaluated. The techniques were improved, added to, or
deleted where necessary. Data product presentation was also improved.
In all cases, CHRT was applied as it might be by a system program or
acquisition logistics manager.

Results and Conclusions

The results of each phase of the demonstration are analyzed and
conclusions drawn regarding the methodology used to derive the results.
In cases where modification to the methodology was determined appro-
priate, the effectiveness of the modification is also evaluated.

Three major objectives of this demonstration have been achieved:

A. Manpower requirements, training requirements, technical manuals
requirements. reliability, maintain'ability, and system ownership
costs have been quantified for several system and support design
alternatives and at various levels of equipment detail.

I. During the conceptual phase demonstration, requirements
and costs were quantified for the following designs:

0 A two-man flight deck avionics suite
0 A three-man flight deck avionics suite
0 A new landing gear
0 A modified landing gear

2. During the validation phase demonstration, requirements
and costs were updated and quantified at the subsystem level
for the following designs:

0 A two-man flight deck avionics suite
* A three-man night deck avionics suite
* A modified landing gear
0 An integrated digital avionics suite

=I. . . . . lBi I -



Assessments were also made at the subsystem level
(a sub-set of a major system) for:

" Standard Station Keeping Equipment
" Insertable Station Keeping Equipment

B. A new technique to implement an integrated approach to training
and technical manuals early in acquisition has been developed.
Two basic approaches have been considered. One, the conventional
approach. assumes primarily five-level personnel on the flight
line, supported by conventional training and standard technical
manuals. The other, the task-oriented approach, assumes
primarily three-level personnel on the flight line, supported by
task-oriented training and proceduralized technical manuals.

1. These are, in fact, logistic alternatives and may be reflected
in requirements and cost estimates. All designs considered
during the validation phase were assessed for the conven-
tional approach. Additionally. the two-man flight deck
avionics and landing gear were also assessed for the task-
oriented approach. The technique used to reflect these
different approaches was successful and could be used to
consider other logistic alternatives in such areas as
support equipment or spares.

2. The results quantifying the impact of the conventional and
task-oriented approach for both the two-man flight deck
avionics and the landing gear have proved a very useful
input to the "Integrated Personnel, Training, and Technical
Manual Section' of an Integrated logistic Support Plan. A
sample is included in the AppendLx A to this report (Volume
II).

3. A technique also has been developed to estimate the relative
need for and extent of information coverage in both train-
ing and technical manuals. This estimate is developed for
the specific personnel, training, and technical manual
approach under consideration and is presented in a training/
aiding matrix. This matrix is developed in the earlier

A ..



phases of acquisition before an "on-equipment" task analysis

has been accomplished. Its purpose is to support early
training/tech manual program definition and prioritization
of requirements.

C. A single, evolving consolidated data base to service the require-

ments of all five technologies, as implemented, extended, and
enhanced by CIuRT. was established in the conceptual phase

for the AMST avionics and landing gear. It was maintained and
extended during the validation (prototype) and will be used to
initiate the full-scale development (minimum engineering develop-

ment phase).
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UNIMAN RESOURCES. LOGISTICS. AND COST FACTORS
IN WEAPON SYSTEM DEVELOPMENT:

DEMONSTRATION IN CONCEPTUAL AND
VALIDATION PHASES OF AIRCRAFr

SY STE M ACQU ISITION

I. INTRO)DUCTION

1.1 BACKGROUNI) AND PURPOSE

The Advanced Systems Division of the Air Force Human Re-
sources Laboratory (AI'IIRI) has initiated a two-phase effort to inte-
grate and apply five human resource technologies to the weapon system
acquisition process as the coordinated human resource technology (CHRT).
Phase 1. the integration of these technologies and the development of
ClRT. is complete and is documented in AIIIRI-TR-78-6. Volumes I.
II and 1II. Phase II. the application of CIIRT in a weapon system ac-
quisition program is being performed in three parts: Part 1. using
conceptual phase data; Part 2. using validation phase data; and Part 3.
using full scale development phase data. Parts I and 2 are complete.
Part 3 is in progress.

This report describes the results to date of Parts I and 2 of the
CURT demonstration on the Advanced Medium STOL Transport (AMST)
acquisition program. The purpose of the demonstration is to validate the
CUIRT concept and its application in each phase of acquisition. The re-
suits of this demonstration will be utilized to refine and update the CHRT
concept and consolidated data base (CI)B) specification and to develop
implementing documentation for C11RT and CDI3 in-service application.

1.2 COORDIrNATED HTUMAN RESOURCE TECHNOLOGY CONCEPT

CURT provides a method to predict and quantify the human re-
sources (MR) and system ownership costs (SOC) associated with a weapon
system. CHRT also provides a technique to implement an integrated con-
sideration of the personnel, training. and technical manuals required to
support the weapon system. Knouledge of IHR and SOC requirements

2short takeof and landing
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facilitate identification and selection of these system and support design
approaches which reduce and/or more effectively utilize human resources
and which reduce SOC. The implementation of an integrated consideration
of the personnel, training and technical manuals required to support the
weapon system helps to achieve these efficiencies. The expression sys-
tem and support design is used often in this total study. In clarification.
the term system refers to the weapon system hardware and software.
The term support refers to the weapon system integrated logistic support
elements.

The Coordinated Human Resource Technology represents an inte-
gration of the five human resource technologies:

" Maintenance Manpower Modeling (MMM) - a method for
estimating the maintenance manpower requirements for
aircraft systems. This technology uses the Logistic
Composite Model (LCOM) to simulate the maintenance
system.

" Instructional System Development ([SD) - a methodology
described in AFM 50-2 for qualifying personnel to perform
tasks through an optimized training program.

" Job Guide Development (.GD) 3 - a method of developing
a broad range of troubleshooting (TS) and non-trouble-
shooting (NTS) technical manuals designed to reduce
training time and/or skill required to perform a task.
These technical manuals are an alternate and/or supple-
ment to ISD as a means for qualifying personnel.

" System Ownership Cost (SOC) - a systematic method of
estimating operating and support costs and identifying major
cost contributors.

" Human Resources in Design Trade-Offs (HRDT) - an approach
utilizing the design option decision tree (DODT) (or identifying
system and support design trade-offs, so that the human re-
source impact of the critical alternatives at those decision
points may be determined.

3The term job guide and technical manual are used to express the same
concept. Technical manual is the preferred term, however, and will
be used in describing new work.
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The development of CIIRT from the individual technologies and
the structure of the CDB from which CHRT operates are fully described
in AFHRL-TR-78-6 (I, [I and III). That report documents a 7 month
development effort and is synopsized as follows:

Traditionally, the five technologies have been applied independently.
at various discrete times and generally late during the weapon system
acquistion process. Their application and contribution may be summarized
as follows:

" MMM has been applied to various aircraft systems during
the validation and full-scale development phases in order to
predict system maintenance manpower requirements using
the LCOM simulation.

" ISD as a decision-making process is applied late in the
validation phase to define the ISD program and also theoreti-
cally to define the applicability of job guide documentation.
This latter determination, when accomplished, is the sole
coordinated ISD/JGD activity. ISD as a product-oriented
process then continues through full-scale development into
production/deployment.

" JGD is initiated in full-scale development as a product-
oriented effort. During the course of its associated task
analysis. a reconsideration of the training/support equip-
ment/job guide mix may be made.

" SOC is not presently a rigorous technology but rather a
Defense Systems Acquisition Review Council (DSARC)
milestone requirement. It is normally responded to with a
point cost estimate. Equations and models for obtaining
these estimates are not standardized nor do the sources of
data always adequately reflect the system being costed.

• HRDT exists as the DODT technique and as a concept of
using hIR data in design trade-offs. It can be applied at
many levels of detail throughout system acquisition.
There is, however, no standardized technique for
interfacing with the other technologies to obtain the
HR or SOC data associated with the design alternatives.

13



Fig ure I depicts the above summary of the traditional application
of the five human resource technologies during weapon system acquisition.

There are recognized similarities in activities and data require-
ments among the five technologies. AFIIRL-TR-78-6 (I. 13. and III)
explores these similarities and describes the potential for expanded and
integrated application of the technologies. This potential application is
depicted in Figure 2:

0 MMM is initiated in the conceptual phase. A generalized
maintenance task analysis is performed based on comparative
system historical data and maintenance action networks are
developed. The average value method devised for the Digital
Avionics Information System (DAIS) Life Cycle Cost (LCC)
Study, the Reliability and Maintainability (R&M) model, is
used to investigate maintenance manpower requirements,
as well as, reliability and maintainability data. Reliability
and maintainability directly affect human resource,
logistics, and cost requirements. These results are
directly reflected in the SOC estimate and are usable for
DSARC I. The maintenance task analysis information and
the maintenance manpower requirements are both used as
input data to the ISDJG[) decision process.

0 MMM is updated in the validation phase through a review
of the generalized maintenance task analysis data and main-
tenance action networks. Maintenance manpower require-
ments are again investigated using the R&M model. The
LCOM simulation ip used only to refine maintenance man-
power requirements for systems or subsystems of signi-
ficant interest. Reliability and maintainability data are
updated. The results are reflected in the SOC estimate
usable for DSARC II. The general maintenance task data
and the maintenance manpower requirements determined
at this time continue to be used as input to the ISD/JGD
decision process.

0 MMM is updated in the full-scale development phase by re-
placing the general maintenance task data with that de-
rived from the initial steps of an ISD/JGD integrated task

14
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analysis. LCONI is used to confirm earlier predictions
of maintenance manpower requirements. Reliability and
maintainability data derived throug the R&M model are
required for use with the SOC model. Maintenance man-
power requirements are fedback to ISD/JGD integrated
task analysis.

* The ISI)/JGD decision process is initiated in the conceptual
phase and continued during the validation phase to continually
refine the ISD/JGD requirement. The training and technical
manual requirement again is reflected in the SOC estimates
for both DSARC I and [I and in the training and technical
manual plans.

* A single integrated task analysis on the actual system is
initiated during full-scale development. This analysis is
used to define the training/technical manual trade-off and
subsequently for training and technical manual development.

* Operational manpower requirements and the necessary ISD
to support this manpower requirement in each phase is
determined. These data are needed to supplement the data
provided by the five technologies.

" A single [.CC model which can be applied with continuity
through all acquisition phases is used. This model is inter-
active with the R&M model and is especially sensitive to
SOC.

" IIRDT is incorporated in all phases. This technology pro-
vides a feedback loop to the others and allows:

0 Assessment of existing designs to identify areas
requiring excessive human resources or funding. In
addition to drawing attention to these "high drivers",
the assessment will identify potential solutions to the
identified problem area.

j 17



0 Evaluation of alternative system and support design
approaches in terms of the human resources con-
siderations and operating and support costs. The
human resource requirements and associated cost
implications would then be used as part of the de-
cision-making process in selecting an appropriate

alternative.

0 All significant data required to support the five individual
technologies are consolidated in a single data base, the
CDB. The content of the CDB. as conceptually described
by AFPRI.-TR-78-6 (i1). is depicted in Figure 3.

The concept of the maintenance action network as a means of
modeling the maintenance system is critical to the application of the CHRT.
To ensure a basic understanding, a very brief description of the mainten-
ance action network as used with the JW M model is provided in the next

paragraph. A more complete description is included in AFIIRL-TR-78-2.

The generalized maintenance action network depicted in Figure 4
represents the types of flight line and shop maintenance anticipated in
an aircraft system. Each branch of this network, with the exception of
subsystem failure, is annotated %.ith probability of occurrence, time
to complete action, maintenance personnel characteristics (skills, levels.
and numbers) and support equipment requirements. bubsystem failure is
only annotated with probability of occurrence. The R&M model operates
on these networks and provides average values for maintenance manpower
requirements and mean time to repair at the subsystem level for the
flight line and at the line replaceable unit (LRU) level for shop. The data
used to annotate these networks in the early acquisition phases are
developed from an analysis of historical data on comparable equipment.
This analysis must judgmentally consider the source of the historical
data and the intended application of the proposed system. These data are
gradually replaced with actual subsystem data as the subsystem hardware
is built and used data are collected. The networks, therefore, grow from
an estimated to an actual model of the maintenance system.

18
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1.3 CIIRT AND TIIE WI"AI1ON SYSTII'M LII.'E CYCLE

CIIT is applied iteratively across all phases of the weapon
system life cycle. On any one weapon system, it provides continuity
of both source and rationale for HIR and SOC data. The source is a

CDB which is initiated in the conceptual phase and updated in accuracy
and detail as acquisition proceeds. Comparable systems information
is used to establish and maintain the CDB until actual system informa-
tion is available usually during full-scale development.

The iH and SOC information is derived from the CDB and,

therefore, is directly dependent for accuracy and level of detail on the

CI)13. The rationale or nietnodology for developing the HlR and SOC
data remains basically unchanged throughout acquisition. The HR data
which CHRT predicts and quantifies are operations and maintenance

manpower requirements (quantity, skills, and skill levels), training
course length (time), and technical manual content (number and type

of pages). Additionally. CURT predicts and quantifies reliability
(NIFHBMA) 4 and maintainability (M%'TTI'i) 5 . These latter data are
useful directly and are also required for SOC computation. SOC is
that portion of LCC consisting of the non-recurring support invest-

ment and the recurring operating and support costs. The availability
of this human resource related data in turn facilitates the assessment
of baseline(s) and alternative(s) and the identification of "high

drivers." Throughout, training and technical manuals are addressed
as a coordinated pair and art considered as either conventional or
task-oriented in nature. The conventional approach emphasizes broad

based training in theory and system operation which is supported in
the field by deductive technical manuals. The task-oriented approach
emphasizes "hands on" training in key tasks which is supported in the
field by directive technical manuals. Additional predictive information
is available through the 1Ol)Ts which d.pict potential design decision
points and available alternatives.

CIlRT makes use of three logistic resource assessment
models developed by AlIIRL: the R&N! model, l.CO. and the
Expected Value (EXPVAI.) model. The latter is an average value

model developed for use with LCO.N. An I.CC model directly driven
by the maintenance system represented by and the results of the R&M
model provides SOC.

4NIFIIBNIA - mean flight hours between maintenance actions
5 ,MTTR - mean time to repair

21p



Conceptual Phase

A CD')l is t.stablished in the conceptual phase for each system

configuration under consideration. Eacth system configuration is
termed a baseline and includes a tentative naintenance/personnel/
training/job guide approach. ilil and SOC data are developed for each
baseline and are used to help determine which baseline(s) will be
continued for consideration in the validation phase. *rhe accuracy and
level of detatl of the liR and SOC information are adequate to support
system level decisions and may be used to identify risk areas. An
integrated personnel/training/technical manual concept is developed.

Validation Phase

The CDIB is updated for each .aseline retained for validation
phase consideration. More detailed comparability information may be
used because the baseline may now be described in more detail.
Alter.,,tives within each baseline are also identified and the CDB is
extended to include those alternatives that require consideration. HR
and SOC data are prepared for each baseline and reterated ,,i,,hin a
baseline for each alternative. The accuracy and level of detail of the
fIl and SOC information at this stage is sufficient to support both
system and subsvstem decisions ,Mnd may be used to quantify risk
areas at the sane level. An integrate(i/personnel/training/technical
manual plan is developvd.

Full-Scale Development lPhase

Normally one baseline is carried into full-scale development.
However, many alternatives may be identified within this baseline.
The CDB is updated during this phase with actual system data for the
baseline, and with comparable or actual system data for those -lter-
natives under consideration. fIl and SOC data are then prep ' and
may nrn% be used to support system, subsystem, and detaile( I
decisions and to verify reduction of risk areas. i)uring this , ,ase a
task identification matrix is developed which identifies the maintenance
tasks required to be performed on specific equipments. It also iden-
tifies the level of maintenance at which these tasks are to be performed.
As such the task identification matrix reflects the maintenance concept.
The task identification matrix is then annotated to indicate where
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instruction~ to accomuplish these- taSks will be provided. TIraining.
technical manuals, or both are the opt ions available. Rules for
3nnotnt ing the task idt iiiicat ion mcat rix -ire developed from the per-
sonnelIt raining /teccniczil micanual plant andi directly reflect the per-
sonnel skills and levels desired and qualification approachc required.
T' .iB annotated task identification miat rix then fornis the basis for the
training andi technical manual prOc'urecnt.

production /Dlevelopmuent and Operations rmiase

In tile produCt 101n / depllccvmt '11t ild Optl-t iOnS ptlc:Se thek CDHl is
updated with new and mort, rcuti :it livl s, stem dat fort the produc-
tion baseline. Alt ernat ives Ina-% nct)% 1 'e itc rt ioted in e zriis of proposed
engineering changes and eveni ne(w appli i:tionis to iice kt ont ingenic.
requirements. The ('I ) is ex\t-rided '( tcl- 1c anY v ltue matiye to be

considered and 1HR andi tX)C infornat ton are ge'neratecl as required.
These data max' now he used to sutppot- I he user * in -serviticv engineer-
ing. and logistics. T he dia ta also mia% b ise d toI vt-ri Iv th;c previously
identified risk a reait have 1w'en elimtntvtid. a nd/Ior- to It rIify new risk
arens. A coordinate-d I racrcc :111d ie lnclnnaprogiani is
imuplemien ted to support t he operatiton -int ia cniena nc-c of the product -
ionj SYStenJL

1.4 CURTHI PROCE:SS

propo)sed cooriiit' c applit ;it Iiv i r III' I 1i pt a~tl andct v~atcion

phases are- depi, tel kii Fwucr IS III Ii-(H proc,-e s. Al Hill - F-l-
78-6(11) conitains a d'ilils ript cci W !1tcs Prit 's and I L-41inpafl-

ion figure- depictingu tht- (H lI' pro)c * t-v lh-- iwi- v lt', cvelopittent

Phase. Ihe toibcwtirg , cI)I!v rs are pro\ id-ct as ai sml!,ii'a r% ot the

concept ceitpcieii hv 1 'ctiri- _)

11P' pn-ccc'>s is stcccwf Is aI 111tri 11 ticticI w cha'ri. I s
sturctuirecl it, a svstrrat ii ivarnr wftch i!-.l ate' to

('tmiplte ni. t iofl.

* h.- (A 1)1 c linis's o1 all -cluipnco'nt. task.,i~ tictevnmce.
ope rat ions.* personniel, an Zic ost (ta v .l.cii is sto ted mi
mat rice (-Snd listings. The (1 l ontains all Info rmnation

nec.MS~ r~to :itplV ('1i 11T.
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* Input data covers design, maintenance, operations, support
and cost. The source and validity of this data will vary
from phase to phase.

" Output data includes reliability, maintainability, mainte-

nance manpower requirements, training and technical
manual scope and content, training scope for operations,
and a system ownership cost estimate.

* The C1IRT process has been subdivided into four main activi-
ties which are indicated by dotted lines:

* CDB Development
* Integrated Requirements and Task Analysis
* ISD/JGD Product Development
* Impact Analysis

* The scope of the integrated requirements and task analysis
expands with time during the weapon system acquisition
process. It processes all the task data necessary for pre-
diction and definition of the human resource requirements.
as well as that required to prepare the ISD/JGD products.

" The impact analysis results in comparative human resources
and cost data for baseline(s) and alternative(s). It can be
accomplished at any equipment level (i.e., system, sub-
system, or IRU). The SOC model provides the means
of translating human resource data to cost data on both a
system and a subsystem basis.

" The product development activity utilizes an integrated
approach to training and job guide developmenit. It pro-
vides the concepts, plans, and programs.

Although the C11RT process appears very complex when described
in terms of the individual technologies of which it Is composed, it is. in
reality, a very straightforward procedure %hen viewed as a series of
interrelated steps. This proceduralized approach is described in the
following paragraphs, and is based upon the experiences gained from
applying CHRT and its CDB to the conceptual and validation (prototype)
phase data of the A MST.



The steps are described along with a marginal notation of the
basic source technology. For example. IRDT indicates that the step
was developed from activities within the IIRDT technology. The
notation NEW indicates a step unique to the CHRT process. The input
data and output data of the step. both of which are described, make up
the CDB. Steps are applicable to all phases unless otherwise indicated.
Steps accomplished in one phase may simply require review and
update in subsequent phases. The steps follow.

A. Prepare anti review DODYI's for critical trade-off HRDT
issues involving system and subsystem equipment
and logistics planning.

B. Determine baseline design, operation, maintenance. HRDT
and support approach(es) and alternatives from data
,ollected in A.

For each baseline and alternative:

C. Conduct a system comparability analysis. Prepare an MMM
equipment listing to the LRU level and identify com-
parable equipment if appropriate. Estimate or deter-
mine NMFIIBNMA for subsystem or major equipment and
the number of shop replaceable units (SRU) per each
LRU.

D. Prepare a maintenance action network and annotate MMM
each action with:

(1) Air Force specialty code (AFSC). quantity, and
skill level of maintenance personnel.

(2) Time and probability of occurrence.

(3) Support equipment required, setup, and use time.

(Note: annotations should reflect appropriate personnel/
training/technical manual approach.)
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E. Input data to the appropriate logistics resource assess- MMM
ment model.

(1) Use the R&M model in all phases to obtain com-
plete HR & SOC assessment.

(2) Use LCOM to evaluate maintenance manpower and
support equipment requirements for baseline and
prime alternatives. (LCOM considers the dynamics
of the specific scenario being evaluated). Because
of the resources required for this simulation, it
would rarely be appropriate prior to the late vali-
dating phase.

(3) Use EXPVAL when only average values for mainten-
ance manpower and support equipment requirements
are desired. It may be applied in all phases as
appropriate. It is also used as a debugging tool for
LCOM.

F. Review DAIS R&M model output. Extract and/or determine
as required.

(1) Per subsystem /major component/ LRU /SRU:

M l't BM A
* Availability MIIIMA MTTR

• IFII+MA

• Flight line - troubleshooting time, maintain on
aircraft time, remove and replace time. MTTR,
and maintenance manhours per flying hour
(MIMt/FlH).

* Shop - MTTR

(2) Maintenance Manpower requirements per AFSC and
skill level in terms of:

0 M.itI/Ftl
* Manpower/squadron
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(3) Support equipment requirements per unit
in terms of:

" Support equipment hours per flying hour (SEH/FH)
" Quantity / squadron

G. Review lCOM output. Extract and/or determine: MMM

(1) Per Subsystem - Maintenance manpower require-
ments (hours) per AFSC and skill level.

* On- Equipment Maintenance
* Off- Equipment Maintenance

(2) Per Subsystem - Support equipment use (hours).

* On- Equipment Maintenance
* Off- Equipment Maintenance

i. Review FXPVAL output. Extract and/or determine: MMM

(1) Per Subsystem - Maintenance manpower require-
ments in (hours) per AFSC and skill level.

* On- Equipment Maintenance
* Off- Equipment Maintenance

(2) Per Subsystem - Support equipment use (hours).

* On- Equipment Maintenance
* Off- Equipment Maintenance

Determine operations manpower requirement by review NEW
of system documentation and calculate:

" Crew composition, rank. and years of service
* Manpower/squadron skill
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J. Prepare training estimates (time). NEW

(1) Per maintenance AFSC

" Identify training courses required
* Determine course length for conventional

and/or task-oriented approach

(2) Per crew AFSC

0 Identify crew training course
* Determine course length

K. Prepare technical manual estimates (number and NEW
type pages).

(1) For Shop by Equipment

* Conventional only
* Troubleshooting/non -troubleshooting

(2) For Flightline by Equipment

" Conventional and/or task oriented

* Troubleshooting Inon- troubleshooting

(Note: The task identification matrix may be used in the
full-scale development and production phases as the
basis for the final training and technical manual estimates).

L. Prepare training/technical manual trade-off definition
matrices.

(I) Training/aiding matrix NEW

(2) Task identification matrices - full-scale JGD
development and production phases.
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Prepare the cost model for SOC NEW
calculation.

(1) Select and/or update cost area equations.

(2) Update standard input values.

0 Pay rates
0 Personnel turnover
0 Spares Pipeline time

(3) Determine unique input values.

0 Crews/aircraft
* Number of aircraft
* Aircraft/squadron
0 System force structure
0 Flying hours/aircraft/day
0 Cost/spare
* Support Equipment requirements
* Manpower profile

(4) Obtain acquisition and R&I) cost data.

(5) Normalize all cost data to appropriate year.

Operate the LCC model and determine SOC. SOC

(1) Support investment cost (one time)

(2) O&S costs (annual)

Review and correlate fIR and SOC data as appro- NEW

priate to:

(1) Present individual results

(2) Evaluate impact among baseline(s) and/or
alternatives

(3) Identify risk and/or payoff areas
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P. Reiterate process as required to: NEW

(1) Update HR and SOC estimates

(2) Consider additional alternatives

Q. Prepare ISD/JGD product appropriate to each ISD/JDG
phase for selected baseline(s).

(1) Personnel/training/technical manaal concept -

conceptual phase

(2) Personnel/training/technical manual plan -

validation phase

(3) ISD/JGD program definition - full-scale
development phase

(4) ISD/JGD program - production phase

1.5 DEMONSTRATION OBJECTIVES AND GUIDELINES

The specific objectives of this demonstration are to:

A. Determine the feasibility of applying the CHRT and the CDB in
all phases of weapon system acquisition.

B. Identify, provide, and evalu ate the utility of the CHRT products.

C. Determine the content and effectiveness of a CDB.

D. Identify and correct inadequacies and/or inconsistencies in the

CHRT process and the CDB.

E. Estimate the resources required to apply CHRT with a CDB versus
the five individual technologies with individual data bases.

All the above objectives will be addressed in this report except E.
Upon completion of the total demonstration, personnel records will be
reviewed to determine resources required to apply CHRT and to develop
and maintain a CDB. This information will then be included in the final
CHRT report.

I 1



The guidelines imposed on the demonstration are to apply CHRT
on the avionics and landing gear systems of the AMST and to adapt the
CHRT demonstration to the AMST program. Since both the conceptual
and validation (prototype) phases of the AMST program were complete
when this demonstration was initiated, it was necessary to simulate the
application of CHRT in those phases. Actual historical data from the
conceptual and prototype phases of the AMST program were used for
this purpose. It was important to limit the demonstration to typically
available data in order to draw meaningful conclusions about CHRT
applicability throughout the acquisition cycle. The demonstration of
CHRT during the AMST full-scale development (minimum engineering
development) phase will also be simulated since that actual activity
is. at present, indefinitely delayed. Typical data will be projected.
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11. DEMONSTRAT1'ION IN TIlE CONCIEPTUAL PhlASE

2. OVERVIEW

The demonstration of CI'r as applied in the conceptual phase
was conducted during the three month period 16 October 1977 to
15 January 1978. AMST conceptual phase data were the prime source
of information. II1 and SOC data were developed on four baselines,
two for avionics and two for landing gear.

The results indicated that the conceptual phase application of
the CttRT process and CI)B was feasible. Only actual conceptual
phase source data supplemented with data that could have been
obtained in the conceptual phase was used and proved adequate to
support CHRT and the development of IIH and SOC estimates. These
estimates, the ClRT conceptual phase products, were reviewed and
evaluated. It was concluded that these products could provide signifi-
cant assistance to an acquisition manager in evaluating alternative
design, operations, maintenance, and support approaches. The HR
and SOC estimates covered broader scope and provided more detail
than usually available at this stage of acquisition. These data,
derived through application of a rigorous and rational methodology.
reflected the interrelationships among operations, maintenance, and
logistics. The content of the ('DH as described in the functional
specification, AFIIRL-'rH-78-6(ID), was adequate and effective with
minor modification. The SOC model and the technique used to reflect
an integrated approach to personnel, training, and technical manuals
were identified as areas for improvements which were then initiated
during the validation phase demonstration.

2. 2 TIlE A.MST CONCEPTUAL PHASE AN) DATA SOURCES

The AMST conceptual phase occurred in the 1972 time frame.
Three contractors- -McDonnel Douglas, l.ockheed-Georgia, and
North American Rockwell--participated and eventually submitted
conceptual studies covering a total of eight airframe, engine, and high
lift combinations. Prior to the completion of the studies. however,
the Air Force received Department of Defense direction to accelerate
efforts and to immediately initiate a prototype procurement. As a
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result, the conceptual phase studies were empleted but delivered after
the prototype phase began and the studies were not evaluated. These
conceptual studies were retrieved and used for this demonstration.
Coupled with the appropriate version of the Requirement for Operational
Capability (ROC). they provide a significant portion of the conceptual
phase data required.

CIIRT also require the development of maintenance action net-
works in the conceptual phase through a comparability analysis. Since
the AMST conceptual phase took place before any requirement for
maintenance action networks was established, these data were not
directly available. A generalized AMST maintenance action network
had been developed in the early prototype phase, however. This network
was used during the demonstration as conceptual phase data. This action
was justified because a review of the conceptual studies indicated that
comparability was well enough defined by those studies to have developed
a generalized network at that time.

2.3 CHRT RESULTS - CONCEPTUAL PHASE

The results of the CHRT demonstration are presented and dis-
cussed under the following topics:

* Baseline(s) and alternative(s)
* Reliability. maintainability, and maintenance manpower

requirements
* Operations manpouer requirements
* Scope and magnitude of training and technical manuals for

maintenance personnel
* Scope of training for operations personnel
* SOC
0 H1R and SOC impact of baseline(s) and alternative(s)
* Ifigh drivers
* Training and technical manuaJ products

Data developed were based on an assumed 300 aircraft: 256 unit

equipped (WE) and 44 not operationally available (NOA). It was also
assumed that there would be 16 squadrons and one training squadron
of 16 aircraft each, divided among four Continental United States (CONUS)
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and two overseas locations. Aircrew/aircraft ratio per Ui' and per
NOA used for training is 2:1. Utilization rate is 1. 5 hours/day during
a 5 cay week. Samples of data will be included in the discussion.

itself when appropriate. A data supplement is provided under separate

cover as Appendix A (Volume 11).

Baseline(s) and Alternative(s)

Potential baselines and alt,.matives for equipment configura-
tion, engineering design, and operations, maintenance, and support
approaches are documented in ('IRlT bY IXI)Ts nd alternative
listings. The alternative listing contains information not directly
documented by a IlX))T such as payload or takeoff field length. The
inforrnation required to develop this documentation is obtained from
designers, engineering data, program direction, specifications, and

standards. The AMST conceptual phase proposals and the ROC pro-
vided the primary source data in this case along with an equipment
listing from the original AMs'T comparabilitY analysis.

Twelve (12) IX)l) s were developed1: one for ttw' AMST
system, eight for avionics. ant three for landing gear. The A NS'I
system L)ODT is presented in F'i ure 6. A major alternative directly
affecting system design, avionic s design, and operations manpower
requirements was immnn-diatel' discernable fron the s.steni DOIT as
well as the alternattve listing. This alternative is the three-man
versus four-nman crw option (t. v. , pilot. copilot, and loadmaster

witriout an ( with a navigator). A niore' ntte.*ns i,'e review of all tile

IX)lIl's resulted in the identificatimn of four baselime configurations
for considerat ion.

* "lwo- man flight deck 2M'l )avionics (pilot and copilot)
* Three-man flight deck(3Nl.l:)avionics (pilot. copilot,

andi navigator)
& .Modified C-141 landing gf.ar
* New landing gear

The significant difference between the 2M' ) and 3M I')
avionics is the inclusion of processors. control integration, unique
displays. and integrated instruments in the 2MFI) version. Portions
of the avionics IX)I)Ts which display these differences are shown in
Figure 7. These trees are annotated 2M1'I) and/or 3,MI) to indicate
the appropriateness of the decision hlock to the design option. Un-
annotated blocks indicate that they are appropriate to either option.
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A modified C- 141 landing gear offered commonality and thus
reduced support requirements over a new landing gear. Technically.
both landing gear are considered comparable at this phase of design
and no significant design differences are noted. Therefore. only one

equipment configuration was analyzed.

A listing of the IX)I)Ts developed and the alternative listing is
provided in Appendix A (Volume 11). A complete set will be provided
with the report documenting the demonstration of CHRT and the CDB in
full- scale development.

Reliability(R). Maintainability(M). and Maintenance Manpower
Requirements

The generalized A MST maintenance action networks obtained from

the AMST Systen Program Office (SIX)) covered the baseline configura-
tions identified in the DOI)T analyses. These networks were reviewed
for completeness and validity. They were then used as input data for
the R&M model (APfIRI,-TH-78-2). The model was then operated and
reliability, maintainability, and maintenance manpower data were ob-

tained for each configuration. The reliability and maintainability re-
sults calculated for the 3 MFD avionics and 2MFD avionics are presented

in Tables I and 2 respectively. The first three columns of Tables I and
2 represent the CfIRT equipment codes, the comparable aircraft systems,

and the major item descriptors. Some common abbreviations used with

the major item descriptors are:

IfF high frequency VOR visual omni range

VHIF very high frequency ILS instrument landing

FM frequency modulation system

AM amplitude modulation LF low frequency

UIF ultra high frequency SKE station keeping

DF direction finder equipment
I"F interrogator triend or foe INS inertial navigation
TACAN tactical air navigation system

system IUD heads up display
CRT cathode ray tube

The remaining columns provide measures of reliability and maintain-

ability which are:

Availability - calculated as M MIB , M Ar

MFIfBMA - man flight hours between maintenance actions

R&R - mean remove and replace tUne on the flight line (hours)
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Cod o.,ugom kem Avoi@WoIv UFMMA Raft UTYR h mm

FACIIo IFUJIII .Hu PAX~m 121 47 za 2.6 4. is 13

DAC210 IC13041I VWFIFM 00*0 .0001 200 .94 1.26 2.30 3

01CM2 IC 1411 VHF/'AM Rs~e 93 24 .74 2 12 5.26 3

CAC20 (CsI UHF 166 42) 9 27 1.06 3567 "1 3

DAC330 IC1301 UHF0OF30 goo .17 1.23 I 3.0

DAC410 IClIO)InuW'rn a0 4 166 3M0 6.1232

0AC430 IC1301 Pob. A.dm 96 .30 in MI 13.35 3.4

OAC5O ICISS OFF .90 200 1.01 2.0 3.40 3A0

IIACS20 (5520 if F Coa 30 2 70 3.010 11.70 2.0

GACMI - 1.,cu V06 o40 1.40 270 11.10 3

CAC710 - cub Popgna3 47 0.01 232 0.6 4A0

FA14IZO 109111 TACAF4 so 104 I 76 lie 6. 3.0

GA*130 IC1411 VONJILS (21 .96 23 0.10 1.97 $A6 2.

014140 IC1411 LF OF 111 32 15l 319 9.17 3.0

AA14210 (A0I) 04111 AluWw~ (Z) 30 167 1.23 326n 7.03 2.0

CAN2b ICS) op 30 1.36 23w 102 3.0

EANliC (C 1 31 ftadl 12 4 173 32 13.11 3.0

0*14300 IC120I 99 75 9 1 n 2-9 6.911 3,2

TA14330 (742 onS of is 3 2.10 am6 .

AAX3G t701 Wwco "M 94 56 1-43 2.2 WO 20

Table I A&M SLMMARY -- 3 MAN FLIGHT DECK AVIONICS

FpA~clI a (Peltit H$ p6.4.. (21 52 5 353 4-56 13.06 3

DAC210 ICIbI) VHFIFM 6.4.. 93 400 394 I3 3

0AC320 daIC1 VHF /AM 96. 116 53 74 212 6.26 2

CAC20 (Cm) U0F No". 121 3?2 1,04 217 ".1 2

0AC230 ICS30 UbfF OF goo3 17 1.23 1.16 3.0

DAC410 IC13OSI lnoam 4 bb 204 6.1232

UAC420 IC1S3t Pubic Add'ei 306 All 310 1266 3.4

DACIIO IC13MO) FF 03o 300 1 3,020 0.40 3.0

sACsZO (3630) OFF Cnowso 00 Sb 10 320 11.70 2.0

DAC620 Uaw..o Voom 3 34 1.40 270 11.10 3

CAC 710 Ciad. Pootel 95 47 0.91 32 0 4.0

FAFOIIO IF8lth TACAP4 of 134 1 ) 9 316 6.5 2.0

0*132 1C141) VORIILSIN (21 306 0.70 1.17 Le 3.01
0*~440 (CIdI) LFOF 96 62 1.11 3.10 0.57 2A0

AM21 WOO) ae# AIeNRWW (21 00 137 1 23 2.26 7.06 3.0

CAN=23 (CS Ofn3 1.38 2.62 lIDA 3.0

1*14240 IC121) Raft. 62 6 1 72 2.43 12it S.3

0*1426 (CISOSI1 SKE .70 Is 1.26 2.301 M 3,2

YAMNIC (7431 INS so 22 -00 2.13 $AN 3.0

A43 1^701 Mwo M4UD -a n0 1.43 2.26 I0.0$ .0

FEAXIIO FlW k41We 2 0 11 17 Sd.

XAX120 NE6W Itwe07 too 263 2.07 14.0 60

CAX130 ICIP soago Coetw 1"1 I0 .46 2.72 8.?? &.0

AAVIIO IA 70) Oftem CmlwII 90 21 1.20 3.31 10.16 3.0a

AA2130 (*70I CRT13(2 3 40 I.= 3.s em 3.0A

FAZIGG, 1Ft 1101 ol sw Con.'S.f .30 120 13 3.0 6 10 0

Tabl 2 R&M SUMMARY -2 MAN FLIGHT DECK AVIONICS
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NI'I - mean time to repair on the fight line (hours)

MMlIi - miean maintenance inanhours to repair on the night
line (hours)

MMR - maintenance men required to effect a flight line repair
which is calculated as MMII

MTTR

The reliability and maintainabilOtt results for the landing gear
are presented in Table 3. Since the entire landing gear configuration is
drawn from the C-141. the comparable subsy stem column is omitted.

aL""10 lm Gem 92 a 46 223 9.: 4.3iGL010 NO G4 96 54 a6 2.74 10.14 4.0

GLG130 Coaolh of in 94 273 7.47 2.7
0LG140 bjAnu.Skd 7S t 00 3.0 1S.36 5.0
GLGI50 Seeo" Sys"m 96 74 .6 3.34 10.03 3.0
GLG10 Emergmcy SysmsM O 619 13 ,72 3.44 2.0
GLG170 Whesh Twos 93 Z2 175 1 77 3.51 2.0

TAe 3 R&M SUMMARY - LANDING GEAR

Maintenance nianpo~er requirements are determined for each
AFSC in terms of maintenance nanhours per thousand flying hours
(MMII/KI) directly from the H& %I model. The average number of
men required per squadron for each AI.' and skill level is determined
from the folloinR formula.

No.(.MIIIl II)(IfISq-YR)(YR/12 months)

(Efficiency factor)(Work days/month)(Shift hours/ ady)

where:

MM|I/M'I~l - as applicable in maintenance hours/l000 flying hours

FII/SQ-YR flying hours/per squadron-year 7488 flying hours/
year

YR/12 months .083 year/months

Efficiency factor .6
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Workdays/nonth 21. 7 maintenance days/month

Shift hours/day = 8 maintenance hours/maintenance day

The variables F.'/Sq- YR, efficiency factor, work days/month.
and shift hours/day represent a scenario. The scenario used for this
demonstration was L8 Fit/aircraft-day. 16 aircraft/squadron, 5 flying
days/week. .6 efficiency factor, 21.7 work days/month, and 8 shift
hours/work day. The maintenance manpower requirements for this
scenario are depicted in Table 4 for all avionics and landing gear base-
lines. The major factor not considered here is launch rate. (Note:
the R&.M model provides an average value prediction. It does not
consider the dynamics of the situation as does LC()M. a Monte Carlo
model.)

AFC ThbFD 3FO

32860 Aviomcs Communmtson Is 21
328 9 10

32961 Avoncs Navspbon 11 15
3231 9 12

32164 Avioics InrtftII & 4 2
3234 Red. Ielawtson 4 2
42360 Auctah EWMicaI 05 0.6 3
42330 Systems 04 0.4 2
42364 Auguoh Pneudtaulh 3
42334 1
43151 Aorcrah Usman 17 19 4
43131 2
63150 Mactonll 0 1 0.1 0.3

53153 Airftrim Rep..r I 1
53133

53154 Corrosion Control 0.6
53134

53156 Non-Destructive 0.4
S3136 Inipeion 0.1

Total 74 83 16.3

T"e 4 MAINTENANCE MANPOWER REOUIREMENTS
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Operations Manpower Requirements

The operations manpomer requirements for an aircraft are
relatively straightforward and are basically expressed in crews per
aircraft. This factor coupled with the aircraft phase-in and phase-out
schedule is used to determine lifetime operations] manpower require-
ments. Both training pipeline and operations for a proposed AMST are
depicted in Table 5.

TRAINING REOUIREMENTS

pI P w.m FY64 FY5 FYM FYI7 FYU F YIS 1

Pilot 6 20 158 10 172 so!
Copilot 6 20 156 10 172 s0

I Iawtgto'" 6 20 156 130 172 60

Lmvdmaste 6 20 156 160 172 0

*%r ~ aew o#Wy

OPERATIONS REOUIREMENTS

Pewson FYI64 FYV FY3l FY3? FYes

Pilot 6 26 184 364 536 52

Nvqso " 6 26 184 364 536 52"

Loodmamt I 6 26 184 MA4 536 6n

Table 5 OPERATIONS MANPOWER REOUIREMENTS
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Scope and Magnitude of Traintng and Technical Manuals for
Maintenance Personnel

Inherent in CIURT is the treatment of training and job guide
documentation as an interactive pair which is either conventional
(deductive) or task-oriented (directive) in nature (see paragraph 1. 2).
The CHRT output in terms of fR requirements is an estimate of
training course length and technical manual page quantity. Page quan-
tities are further categorized into flight line or shop and into trouble-
shooting and non-troubleshooting. The source data for these estimates
in the conceptual phase were drawn from Air Force Career Development
training course content and the comparable system equipment technical
minuals.

Career development courses exist for most Ai'SC's. These
course lengths and the course material presented reflect the conven-
tional approach. Course content generally follows the outline shown in
Table 6. The task-oriented training factors, shown in parentheses
opposite the conventional course outline in table 6. are used to adjust
conventional course length to ask oriented course length. These task -

oriented training factors were developed by behavioral scientists and
are based on a knowledge of the objectives of this type training and a
review of the literature describing this training.

TA" ORIENTED

CONvtroTIL COURSE 0UTLINE TMIUNWO FACTOR

A . n-ws c p in ples 10 20) .

S. Gnwl ou nfontmon. fundamentals, end adminstrat n ----

I. iwal 40.95)
2. Tecciel iubhcamm. papeiwrk (1.101
3. Mmntennmw procedum 0.901

C. Appleed Picem ---

I. Qee Wd (0.76)
2 Specft (1.00)
3. Test Eq iwpme (1.0)

D. EquimenM retd atures (0.50)
1. Ssbrey i/LRU ---

2. LRU eamoemm ---

E. Mi m W a 'eqArwemes M equWWWM po" men (0.50)
1. Sm edeuds. checks. adehmats ---

2. Troubleehm€u, procedumedsppon equmw ---

Tble 6 CONVENTIONAL/TASKORIENTEO TRAINING RELATIONSHIP
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Course length for the task-oriented approach is estimated by
multiplying the conventional course tine required for the various
topics by the factors shown in parentheses. For example, the task-
oriented approach provides little theory because the deductive
reasoning process is effectively replaced by direction. Therefore,
the time allotted to "Basic Principles" is only 20 percent of that in a
conventional course. On the other hand, the use ot directive material
and test equipment is more heavily emphasized in a task-oriented
course than in a conventional course. Therefore, "Technical publica-
tions, paperwork. " and "Test Equipment" are more heavily empha-
sized in task-oriented training. The resulting estimates for the Air
Force career development courses required to support the AMST
avionics and landing gear are shown in Table 7.

FSTie Coental Teb-Orlsd

3250 Atnonis Comm
32830 28 wkis 13 wis
32516 Avncs Nev
32331 30 wks 13 wks
32354 Avionics Inemtl &
32334 Radar Now 27 wks 16 wks
4230 Airerft E lctncsl
42330 Systems II ski 11 wis
42364 Acraft PwnWdraulcs
42334 11 wks I wks
43151 Awcrsh Mintenan
43131 11 wks I wki
63110 Machonas
53153 Airframe Repow
63133 13 wks I wks
153154 Corropon Control

63IS5 mNoeDlrtructu 3 wks 2 wks
53136 Ie 14 wkk 10 wis

TWle 7 COURSE LENGTH

Technical manual page and page type estimates are made with
special]h, developed algorithms. A s,-parat, set of algorithms is re-
quired for conventional and task-oriented estimates. Within each set,
a separate algorithm may be required for each of four task categories:
non-troubleshooting flight line; non-t roubleshooting shop; trouble-
shooting flight line; troubleshooting shop. These algorithms may also
be unique to an equipment category. 'or example avionics and landing
gear are technically dissimilar and require different algorithms. A
flight instrument/control system and an avionics system are similar
and would sue the same algorithms. The major variables in each of
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these algorithns are the number of subsystents. L.RUs and SRUs in
a system and the types of maintenance actions required to support
each subsystem. LRU and SRU.

The page estimates developed during the conceptual phase
demonstration are shown in Table 8. Estimates are in page quantity
and were developed for both conventional and task-oriented technical
manuals. For each type manual, page estimates were further broken
down into non-troubleshooting (NTS) and troubleshooting (TS) for both
flight line (FL) and shop (S). The algorithms and cost data which are
presented in Volume II address the additional detail level of page type
such as narrative, action page. schematic and pictorial. This detail.
however, was not presented in the .stimi:ate because the algorithms
and cost data were drawn from too limited a data base. This data
base was extended during the validation phase demonstration and all
algorithms and cost data were Improved.

baesConventsonal P~gn To*k w.e P"M

NTS-FL T-FL NIMS TS-S NTS-FL TS NTI- T4

Gm 334 180 214 139 1700 306 I6M 234
2 Wf
Avtoma 1M 194 1564 1717 960 316 462 1637

A ma 16 178 1433 1606 900 299 4240 1406

Tale 8 JOB GUIDE CONTENT

Training for Operations Personnel

AMST operator course length was derived from a consideration
of a comparable training course for the C- 130 crews, equipment per-
formance. avionics options, and a preliminary operator task list. The
latter was derived from conceptual phase data and is provided in
Volume 11. It identifies those tasks unique to the AMST. The unique
tasks are flight engineer type tasks, which must now be assumed by the
pilot and copilot, and navigator tasks, which also will have to be
assumed by the pilot and copilot if the two-man flight deck concept is
implemented. The list was reviewed against the C-130 course schedule
and a judgment made as to AMST course length for both the 2MFD and
3MFD options. The results are shown in Table 9.
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Awash Courso L.eph Number of Man Days par Coumu°

System I
Initial IAssion Total Initial Imon Towl

C.136C- nan | 41 36 77 206 144 346

AMST 3FUFO
4 man cw) 44 39 13 4 156 340

AMIT 2MFD3man 2Aw) 49 43 92 147 129 275

COlondar days
"Crew son X OouWs Ien

Table 9 OPERATOR COURSE LENGTH

SOC

SOCs were derived as appropriate for the cost categories

listed in Fable 10. Some cost equations used were original while
others were modified and/or drawn fronm the Air Force Logistics

Command (AI.'LC) Logistic Support Cost Model and from the DAIS
.CC study. The annual cost of the aircrew (CA()- for example.

was calculated as follows:

no. of cre%%s cost of aircreuman

CAC * (CPA)(OA) (AI31lpR -YO(SRp 4 BAQp + ACtp BASp

A BPR annual base pay rate

YOSH - years of service pay adder

13AQ basic allowance for quarters

ACI aviation career incentive pay

BAS basic allowance for subsistance
CPA number of crews per aircraft

OA nunber of operational aircraft in fleet
p subscript identifying the pth member of the aircrew
P number of members in aircrew

The remaining SOC equations used are provided in Volume II.
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Input data to these equations are categorized as either standard
or unique. Standard data cover such areas as salary, training costs.
and spares pipeline time. Standard data are drawn from officially main-
tained sources such as pay and allowance tables and AF'1 173-10. Unique
data cover the IfR requirements as quantified within CIIRT such as
maintenance manpower requirements. Other unique factors such as
equipment quantities and delivery schedule, operational applications.
and crew makeup are drawn from system related sources such as the
comparability analysis, operations plans, and system specifications.
The AMST unique data used during this phase of the CURT demonstration
may be found in Volume II.

Annual SOC estimates developed from ClRT application with
AMS'r conceptual data art- listed in Table 10.

2MFO 3MFD NOw Modfied
Co Catew Avionic Avionic Lanm Gew Landing Ow

Support EqUpment 3.333.000 3.333.000 TBO TOD

Job Guide 00.50 61.000 40.400 24.0
SOaN" 4.122,000 4.852.000 496.000 315.000

Aircrew 18216.500 24.614.000 N/A N/A

Fuel N/A N/A N/A N/A

Equiptet Mantemna 17.534.500 22.300.500 4.143.000 4.143,000

Traemn Maenenence 3.543.500 3.967.500 344.500 344.00

Trmnq Aircmw 3.490.000 11.307.000 N/A N/A

Depot Repar 9.164.000 9.156.000 2,2"9.500 2.29,500

Invetorv Manalement 42.000 34,000 211.500 18500

Softwre Support 750.000 N/A N/A N/A

2howl N/A N/A N/A N/A

TOTAL 65.347.000 79.626.000 7.251.900 7225.700

NA - not applmcble
TBO - to be determned

Table 10 ANNUAL SYSTEM OWNERSHIP COSTS
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All cost categories directly associated %ith avionics and landing gear
have been covered in Table 10, except landing gear support equipment.
l)ata, as well as a computational method, were lacking for the flight
line and shop landing gear support equipment; therefore, these costs
are noted as to be determined (TIM)). The support equipment costs
for avionics are for shop only. Cost categories that are not directly
applicable to either avionics or landing gear are noted as N/A.

It should also be noted that allthough SOC consists of both
support investniernt, a non-recurring cost. and O&S cost, a recurring
cost; both have been treated on an annual hsis. Additionally, some
cost categories such as jot) gutdes and training should have both a
non-recurring and reuurring eleniit . This lack of differentiation was
a limitation of the method utilized for computing costs and was
corrected in the validation (prototype) ptia st demonst ration. Further-
more. the research and dvelopent an : svstenl acquisition costs
must be identified before :1 complete cost picture can he presented to
the decision makers. In this case, there is a significant difference in
acquisition costs for tht. 21 I'i) and 3Mt1'l) av,,ionics. This difference

while not docur ented Iher' will be discussed ui the results of the
validation phase.

HlR and SOC Impact of Haseline(s) and Alt rnatlve(s)

The IilB and S(X" data developed through the ('ItHT process have
no% been presented for each of the four baselines. To be used effectively
to invluence the selection of a specific baseline, the HR and SOC data
must be presented in a format %%hich facl itates comparison. In any case,
HR and S(X" data must be supplemented %kith appropriate performance.
risk, acquisition cost, operations, and chedule impact data before a
rational decision can be made. This portion of the report therefore does
not address decision making. but rather the presentation to the decision
maker of the data that are available through the ('HRT process.

The IM1 and S(oC impact of the 2 \IH) versus 3.M%.) avionics
options is presented in various formats by Tables I1, 12 and 13. Each
format is discussed in the folloi ing paragraphs.

The 2M1.) and 3M-I) avionics options share a significant amount
of equipment as noted in Table It. Tile major difference is that the
2MVI.D configuration includes integrated communication and navigation

50



controls thus eliminating the need for discrete controls and incorpor-

ates a multiple ('RT display capability. A mission computer coordin-

ates communications. navigation, and display callup and provides
additional computing functions which ease the workload on the reduced
flight deck crew. Trable 11 compares key reliability and naintain-
ability related data. Specifically, the presentation depicts the impact
on availability, M.IB.MA. and on MMIli/1.I1 of the two options. One
may conclude from this presentation that the 2M%.') avionics offers
improved availabilitv and reliability (M.'II.MA) with reduced main-
tenance requirements (.M111 / I).

- - -_ _ . -- __- -. - ~ _ _ _

2MF0 go UID Aw AvdolsM MFH1M AIMMUP14

FAC110 rsii HF Nh. (2) .12 w .4? a we 4 0.II

DAC210 IC13091 VHF/FM R d-M iN M 3 400 300 0.01

QAC220 IC1411 VHFIAM Re" .26 ve .02 12 we 1d 0.11

ICACMO ICi UF R* IV07.1 977 .? 003
2 OAC=1O ICI0 UHF OF

F OAC410 IC1206) Swegowm
D C DAC4ZO IC10W PMic Adpow

A N DACS10 IC1301 IFF

N N AC 1320) IFF Comp.wf
D 0 DAG _ ftoee Vol"

3 C7C10 - Cristo Postaon

IN FAMIIO IF11tuS) TACAN
F

o 6A"4123 IC1411 VORILS I2 )0 w 33 0.3

AN140 iC1411 LF.OF .06 .91 62 i 32 0.16

AAN210 IAiDS Raie Aftwnme I2)

CANm0 ICS Os

EANi0 IC1311 Rea .62 12 64 103

DAMN IC131? SRI . I velJ 11 we . 0.2

TAM=0 IT431 INS .10 we g 22 we 1s 0A7

AA?30 IATOI Wore HIM (2 we I 1 . we .00 23 we 10 ,10.1

f AX110 NEW It,"

Ceuwmetwmbn Cow#W 02 26 4.23

20 XAX fi"o NEW Iner
M " %aelpW ConriI .97 103 4.14

F L CAX 120 (CS SWI Ceeweit 91 23 ,0.2
D v

AAYI10 W4OO Mmon Cespuw 90 31 4.2

eAZ1SO IAY.) CRT 43) .9 40 .0.17

FACISO IF11101 NOW aw Com" .M 123 4.0

oe. .wmwemowt mWt conwk w wsmommW in do lMF0 .pee.

TiM. 11 R&M IMPACT ON 2MFD VS 3MFD AVIONICS
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In a similar manner. Table 12 presents tile maintenance man-
pover impact. Overall. nine fewer maintenance men are required to
support the 2.M1F) option.

A~.= Aviom=
AF9C Tite ZMFoD XAM

32850 Avionics Comm Is 21 3
3283D 9 10 1

32351 Avionics Nay 11 15 4
32331 9 12 3
32654 Avionics Inerial 4 2 -2
32634 Rader Nav 4 2 -2

42350 Aircraft Electrical R R
42330 Systems R R

42364 Aircraft Pneudraulhcs
42334
43151 Aircraft Maintenance 17 19 2
43131
S3150 Machinit R
53153 Airframe Repair I
53133
53T54 Corroion Control

53134
53155 Non Destructive

S3135 Inspection

TOTAL 73 32 9

R required manpower 0 1 5

Table 12 MAINTENANCE MANPOWER IMPACT (MEN PER SOUADRON)

2MFD vs 3MFD AVIONICS

The S(X" impact is prts ented in Figure 13 for the 2MFD) versus
3MIFD. The advantage Is to the 2 \.'l) avionics suite maiil v because of
the reduced rrew and mainteriance costs. The advantage may be quanti-
fied in terms of SOC as $14. 2,0, 000 per Ve'r.
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2MFD 3MFO
Cost Category Avionics Aviona

Support Egutpment 3.333.000 3.333.000

Jb Gudes 90.500 61.000 -19.500
Spa'.. 4,122.000 4.862.000 +731.500

Facilities
Airoew 18.296.500 26,614.000 46,317.500
Fuel N/A N/A

Equipmiet Maintenanes 17.534.500 22.300,500 +4,766,000

Training Maintenance 3.543.500 3.967,500 +424.000
Training Aicrew 8.490.000 11.307,000 +2.817,000
Depot Repair 9.164.000 9.156,000 4.000

Inventory Management 42.000 34.000 1,000

Software Support 750.000 N/A

Dssa N/A N/A

TOTAL 66,347.000 79.626.000 *14.270.000.1

Table 13 SYSTEM OWNERSHIP COST IMPACT

2MFO n JMFO AVIONICS

No significant technic l diff.re , A erre vJseitifiahle betw een a

rnem and a modified Linding clear due to v'i..o euate de' ign definition. A

commonalitv factor" for a r::(,j - ,r ,O f9 ' r, ,'t , ,v:rron parts 'Aas

assumned0 hoAever. The Inpa, If th,. pt be discerned
directly from a pre:, (u- Fi r '.vent t VN IV. V .,u i SN,;ten" ()%ner-

ship Costs. The tnpact is jua,itifithle . ,otv"iti 0 advantage of
. 125, 0001 '.ear for a 0; 'diff ed &2'* ,ar. A th a' id antage to using a

modified gear might b. ivituitiv, elv . -Ii . t . ui-'titiorl costs and more

detailed design data ar,. needed f,-r ' I . i. ,. The p)int to note here

is that the ('IIRT proes,; A ill .uan' if.. a a, tor ;u'h as commonalltv.

Iligh )rivers

Hfigh driver, arte defined 'Aithtri ('iiR as areas Ahich require

excessive 1lR or So('. Excessive must be defined b% acquisition manage-

ment so that HIR and )C data nav then be screened bv some established
criteria. Table 14 represents a technique that could be employed for

identifving reliability and maintainabilitv related high drivers in the
landing gear area.
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GLOIW0 %09 0M27

0L0130 COMh 2.73.

To14 R&M HIGH DRIVERS LANDING GEAR

Screening values and asse ssmnent factors (e. g..* the screening
value of B. 5 for the assessment factor of availabilitv shourn in Table 14
are established bv the user or acquisition agenic ". Only those assess-
ment factors exceeding the screening value~s are displayed fir review.
A separate presentation is provided for- each equipment configuration.

A review% of T able 14 inidica;tes that based on comparability data,
the brakes/anti- skid subsvstcm of the landing gear and the general
area of mnean timne to repair for the total landing gear sy' stem are likely
to be high drivers for a C- 141 tvpe landing gear since they exceed the
screening values established, If a indified C- 141 gear was chosen,
immediate action should be taken to specifically determine the reliability
and maintainability problems asso jated uith the brakes/lanti- skid sub-
system. Since both the nieA or modified g:ear represent the same basic
technology, one might inves;tigate the reasons behind the high MTTR
or even question the screening value. A possible conclusion is that
considerable time is required in jacking the aircraft. The problem.
therefore. may niot be %%ith the aircraft itself, but with support equip-
ment. In either case, alternatives might have to be considered and
their impact in terms of IIR1 and SOC. determined through a reiteration of
CU RT.
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"High drivers'' ere also Identified for both avionics options.
These are depicted tn Tables 15 and 16. The avionics data represent
actual field experience with the saame off-the-shelf avionics equipment
being considered for the AMST. Since so many assessment factors
exceed the screening value. further investigation is mandatory. The
comparability association should first be verified and data corrected
as necessary. If exce.sive assessment factors still exist, the cause
for the unacceptable perforna:nce should then be identified. In this
case. the screening values assigned uere drawn from the AMST ROC.
Possible causes include poor technical design, difficult access on the
comparable aircraft system, inadequate training or technical manuals
or incompatibl,- suiport procedurts. ( )nce a potential corrective action
is identified, it can be reevaluated through the (11l1T process. The
user should also consider reducing requirements (screening values)
%here possible.

1om-w "a Volta a6 10 1.00 2.00 3.0

AmLdI.tv WFHMA &11 MTA *4 Mw

-FAC-I0 IF111I) HF Rodeo (2) 47 4 2.2 4.16 1.6

DAC210 ICIM011 VHF/FM ReD

GAC220 ICl41 VHF/AMkl Rod.o 2.12

1 CAC320 (CSI UMF Rod.o 12) 1.04 2. 6

OAC330 4CI101 uHF OF 5.16 3.3
DAC410 OC 130i ) Intevcmn'4 2,04 6.12

OAC4A IC I 31t . Aid'. 3.0 12.06 3.4

D ACIO IC1301 OFF C.01 3.09

SACIS" I362I OFF C..~w.s90

BACSO se.'. VO. 1.40 370

CAC7I0 Cio tn 2.M 9 4A0

FAD1 20 IF1111 TACAN 1 71 216

At 130 IC141) VOWILS (21

GANI4 ICI41) LF OF I61 319

AA210 (A701 Rade AAww 121 1.23 2.36

CANZJ ICS) OIN 3.62

EAM240 1C131 Roder 52 A 1 ?3 3.42 12.41 3.8

OAN0 CIM1I SKI 126 29 Of 3.3
TAF33S 1143) INS 219

AfeNO , AOI MeuO o UeHUD 142 3.36

Tok 15 RIM MIGH DRIVERS AVIONICS 3 MAN FLIGHT DECK



bmrenwon Values 1 10 1 00 2.00 3.0
~jf~UAvoolsbisi MFM8iA M&N MT 1111111

FAC1110 IFIIIII HI Roa. 421 T .2 5, 2A2 4-6- 13M*
DAC210 IC1304EI VIFIFMl Rtire

QAC220 (CI411 VIF /AM Radse. 2.12 6.311
CAC320 (CIIM UHF ft.. Ill I 04 2.67 ".1
DACS30 IC136 Ut4FD -O1616 32.
DAC410 IC130E) fnt 1"MON 4 2.00 6.12
OACdZO 1CIM0 Pubhe Addres 3.6 12.1111 3A
DAC610 ICI= IFF 1.01 US6
BACS20 own)1 1FF Compoite J30
BACSIB - 11".. yarn , 1.40 3.70
CAC710 - Cn'k Paotseen 2.3611 9M 4.0
FANIZ0 (F11111 TACAPA 1.71 2.16
QA#4130 IC1411 VOWILS 42)
OAN1140 ICl41) tF-OP 151 3,13
AAM2IO IAIDI Mader Alt .sw a 21 123 2.36
CAft2X (CM) Ouuep 1.39 3A2
EANMO IClI3l Madr 62 6 1.73 3.42 12.91 3&6
DA1102110 (C13011 SKE 73 1.211 2.11111 326 3.3

ITAN330 (T431 INS 2.19
ANIS (AP01 Macto 04UC 1.42 3.36

X AXlI0 Off" In! Paws
Compiunroaito. Control 1 13

EAX120 NEWV Iuwsuaeol
4mi.Control 212 2.37 14.34 1.0

CAX130 ICS) Signal Cornierto 146 2 73
AAYIIO (A701 M -s- - Cmw. 1.30 2.39
LAZISO 1AlC) CRT (30 1.28 2.23
FAZ16O IFIIID) Dowta lSo Convenor 1*6 300

Table 15 R&M HIGH DRIVERS AVIONICS 2 MAN FLIGHT DECK

r raininp and Techn'ic al Ni iu;~i P roduct s

The planned pr't duct fo r t hc ti-weptu a phase 'Aas an integ rated
pe rsonnel.* t ra ininrg. and t et*hl c.i i rinua c onUcept. in addition to
esti mati nz the length i)f t ra iing :t id nu mbe'r of techic al manual pages.
as was accomplished, another 4goal %%as to) identifY required levels of
detail and depth of cov-eralaze in b ih teih iiical manuals and training for
the intevrated Ierson 'wl, t ratfintr knd technical manual approach
desired. This identifivation v~as to he wvcomnpl ishied through a task
intensitv profile det.eloped usig the U& %I miodel output. A technique to
accomnplish thins % as developed anid iplemented.

A revie%% of the technique and results, ho~ ever, indicated an
incompatabilitv in the comparabilitv data input to the l1& Nl model.
These data had] not been nornialijed to represent the desired integrated
personnel. training. and technical manual concept. Specifically. the
input data drawn fromn technically comparable systems was not logis-
ticallv comparable. The qystems were maintained and supported by



various skill levels, types of training and both deductive and directive

technical manuals. These data should have been normalized to the
integrated approach selected for the equipment under consideration.
This shortcoming was noted and has since been corrected. The new

analysis technique is discussed in Section III of this report.

The actual training and technical manual product developed in this
phase of the demonstration was a description of the prescribed AMST
personnel, training, and technical manual concept. This concept

addresses basically 5-skill-level manning, conventional training, and

task-oriented technical manuals. Because of the combined conventional
and task-oriented nature of the three elements, this concept cannot be
considered an integrated approach.

2.4 CONCLUSIONS - CONCEPTUAL PHASE

Overall, this phase of the CHRT demonstration has shown that
extensive HR and SOC data can be developed and quantified for a weapon

system acquisition program through a rational, repeatable and traceable
process as early as the conceptual phase. More specifically, the con-
clusions are:

A. Application of the CHRT process and the CDB is feasible in the
conceptual phase.

1. The R&M model is adequate for estimating maintenance
manpower requirements and reliability and maintainability
data.

2. The techniques used for estimating operations manpower and
operations and maintenance course length are at least
adequate for conceptual phase estimates.

3. The CHRT process appears well suited to address the question
of affordability of alternatives at their conceptual development
stage.
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The conceptual phase CHRT products have been identified and
representative samples have been provided and evaluated for
utility.

1. The CllRT products in the conceptual phase are HR and SOC
estimates for system and subsystem alternatives. The HR
estimates include reliability, maintainability, maintenance
manpower, training, and technical manuals for maintenance,
operations manpower, and training requirements for

operations.

2. The ClJRT process considers and these estimates uniquely
reflect the interrelationship among the design, logistic.
and operational elements of the weapon system. This occurs
because these elements are characteristics of the mainten-
ance action networks from which CURT estimates are de-
rived.

3. The information and visibility provided by these estimates
can be used to more effectively manage an acquisition pro-
gram. support decision making, identify potential problem
areas, and detail the information necessary for DSARC re-
views. This is possible because the HR and SOC estimate

presents a concise impact statement related to a specific
design, logistics, and/or operations approach. Further-
more. this statement may be modified through the CHRT
process to reflect the impact of an alternate approach in
one or more of the three areas mentioned.

4. The estimates do facilitate comparison of alternatives and
allow identification of "high drivers. "

5. "Htigh driver" and comparison formats should continue to

be evaluated for improved presentation of HR and SOC data.

The CDB, as conceived, supports the ClRT process with minor
exceptions.

!. The content and format of the CI)B will remain subject to
change until the completion of this demonstration. In this
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way, it may be uniquely and efficiently tailored to support

the total CHRT process.

2. The analytic tools to support derivation of the CHRT pro-

ducts must be part of this CI)B because they are as impor-

tant to the process as the input information.

3. Estimates related to several technologies can be developed
from a single data source.

D. Inadequacies and/or inconsistencies in the CHRT process and the

CDI3 have been identified. All have either been corrected or
earmarked for future consideration.

1. Each equipment baseline and alternative must include a

specific support concept. The latter has direct effect on

HR requirements and system ownership cost.

2. The comparability analysis required for the development of
maintenance action networks must address the support de-

sign. particularly personnel. tr-ining, and technical

manuals, as well as the system design so that HR and SOC
estimates may reflect the characteristics of the total system.

3. In addition to career development training, both technical
training and on-the-Job training should also be addressed in
order to reflect the complete training picture.

4. Although adequate for the conceptual phase, job guide con-

tent algorithms and available cost data must be improved in
accuracy for validation (prototype) phase estimates.

5. SOC equations must be improved for a finer breakdown of

categories and separation of non- recurring and recurring

costs. Phase-in and phase-out capability should be developed

so multiple-year costs may be shown. These capabilities

when developed may be applied in the conceptual phase.
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In!. DE MONSTRATION IN TiHE VAI.IDATION PHASE

3. 1 OVERVIEW

The demonstration of CIfRT as applied in the validation phase

wqs conducted during the 6 month period 16 January 1978 to 15 July 1978.

AMST prototype phase data were the prime source of information. The

kind and quality of data available for use with CHRT in the avionics and

landing gear area were typical of data available for use in the validation

phase. Three of the four configurations identified in the conceptual

phase were carried forward for continued analysis. These were the 2MFD

and 3MFD avionics and the modified C- 141 landing gear. An additional

avionics alternative, integrated digital avionics for AMST (IDAMST) was

also identified for consideration. During this phase, a technique was

implemented to reflect in the maintenance action networks an integrated

personnel, training, and technical manual approach to either a conventional

or task-oriented support program. Therefore both conventional and task

oriented support programs were also considered as options.

The results of this phase indicate that the CHRT process and CDB

have continued and extended application during the validation phase. HR

and SOC estimates %ere again developed for all baselines and alternatives

identified. These data were no% more accurate reflections of the logis-

tic requirements for two reasons. One. improved technical manual con-

tent algorithms, more accurate technical manual cost data and updated

SC(X equations %ere developed for and employed in this phase. Two, the

integrate(! approach to personnel, training, and technical manuals re-
flected in the input data produced a coordinated set of personnel, training,

and technical manual requirements. Additionally, the CHRT process was

used for the first time to evaluate a major piece of equipment within a
subsystem, thus taking advantage of the additional detail available in the
validation phase.

The HR data derived were also used as a direct input to a pro-

posed "Integrated Personnel, Training, and -lob Guide" Section of the

A.MST Integrated l.ogistic Support Plan (IJ.SI). This document presents

a realistic level of detail "iot previously available in an ILSP developed

from validation phase data. A newly developed CHRT product of this

phase was also included in this II.SP section. This product is called a
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task identification iiiat rix anti was dleveloped for each subsystem. The
matrix describes within a given subsystem and for a specific
personnel training and technical manual approach. the degree of
emphasis required in both the training anid technical manual areas for
various items of hardware.

D~uring this part of the demonstration. the CI)H was updated for
accuracy and expand.. d in detail and content. The additional detail re-
flected design maturity arid a more detailed equipment description. The
content was expanded to include an improved SoC model, the task intensity
matrix, and additional support data.

3. 2 .ANST 11RO1 1*0T\ PE PHIASE AND SUPPIA*:N IENTARY DATA
SOURCES

The ANIST prototvpe phase occurred during 1976 and 1977. Two
contractors. floein2 arid Nlcl)orinell D~ouglas. participated. Each proposed
a singular and unique design. Both proposals were available as source
data for CufRT arid were thoroughly reviewed. The applicable ROC and
Employment Concept Document were used as the prime sources of supple-
mentary data.

Two prototvpes of each design %%ere built. They were evaluated by
the Air For-e, primiarily, for technical and operational performance.
Although more hardware oriented than a typical validation phase, the
ANIST prototype phase pursued basic validation phase goals. These were
validation of the technical approach arid reduction of technical risk. The
AMNST prototype phase aichieved these 4coals through extensive hardware
dievelopment.

The quality of avionics and landing gear data. houe~er. was
typical of validation phase. Very little actual h;%rdware derived data
were developed for these s%-stvns. Avionics were to be predominantly
government furnished equipment (GFE) at-d were not a major contractor
concern. The landing gear was being evaluated primarily for performance
and very little descriptive or maintenance data were gathered.

The mnaior sources of avionics information during this phase were
several studies accompl ished by the Aeronautical Systems Division, the
Air Force Avionics laboratory. and the Air F~orce light 1) 'vnamics
Laboratorv. All studies are excellent examples of the depth of inves-
tigation possible in the validationi phiase.



Design and maintenance data for the individual landing gear
systems proposed by each contractor were documenited in a prototype
phase comparability analysis and associated maintenance action networks.
These data. however, were part of the minimum engineering develop-
ment (MED) phase proposals. As a result, these data were considered
source selection sensitive and were not made available for this study.
As an alternative, therefore, the conceptual phase generic AMST com-
parability analysis and maintenance action networks were updated using
the prototype phase avionics studies and 1976 time frame. C-141 landing
gear maintenance data drawn from USA' F. ogistic Support Cost File
Maintenance Register-66-1/IHS. K051. PN8I.. Both these sources pro-
vided the level of detail data appropriate to the validation phase.

3.3 CHRT HESULT - VALII)Arl()N (I'HOTOTYPE) PHASE

The results of the CIIHT demonstration are presented and dis-
cussed under the following topics:

* BaselinC(s) and alternzati%'efs)
* Reliabilitv. maintainability and maintenance manpower

requiren e nts
* (lOperations manpom er requi remients
* Scope and magnitude of training and technical manuals

for maintenance persontiel
* Scope of training for operations personnel
0 S( )C
0 I1H and S ' iripct of haseline(s) arid alternative(s)
0 High drivers
0 Training and technical inanual products

Samples of data %ill continue to be included in the discussion or
in Volume II as appropriate. The data developed %ere based on the HOC
current at that time which assumed 277 aircraft: 256 UE; and 21 NOA.
Sixteen operational squadron were split between to overseas locations.
The training squadron %as located at one of the CONUS bases. Air-
crew/aircraft ratio was 2:1 per E and per NOA used for training.
Utilization rate was 1.8 hours/day during a 5 day week.
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Baseline(s) and Alternative(s)

The first step accomplished in the prototype phase was to update
the DODTs and alternative listings. The AMST system, general avionics.
and general landing gear DODTs, as updated to the prototype phase, are
included in Volume 11. Additionally. a I)ODT was developed for alternative
logistic options. This is shown in Figure 8 and depicts the possible alter-
natives in support equipment, maintenance/personnel/training/job guide
approach, and spares philosophy. The logistics tree's blocks are anno-
tated with a C or T to reflect the appropriate paths for either a conven-
tional (C) or a task-oriented (T) personnel /training/job guide approach.
The maintenance, operations. and support alternatives not directly
discernible from the XO)DTs but identified in the prototype phase documen-
tation were documented in the alternative listing as follows:

* 2MFI) versus 3N11'1) crew
* Limited adverse weather aerial delivery system (AWADS)
* Aircraft radius of action
0 Payload
0 STOI. field length
* Runway quality

The information required to develop and/or update the I)ODTs
and the alternative listing was obtained from the Boeing YC-14 and
McDonnell Douglas YC- 15 prototype proposals. the Air Force avionics
studies, and C- 141 technical data. A review of the I)ODTs and the alter-
native listing resulted in the identification of three baselines and five
alternatives. The baseline configurations were:

0 2NIF) avionics conventional ISI)/IGJ)
* Modified C- 141 landing gear - conventional ISD/JGD
* Installed stativw- keeping equipment

The alternatives identified were:

* 2MFi) avionics - task-oriented ISI)/.JGD
" 3MFD avionics - conventional ISI)fJGD
" IPIAMST - conventional ISJ)/JGI)
* Modified C- 141 landing gear - task-oriented ISD/JGD
" Insertable station-keeping equipment
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The two and three nian avionics suites are basically the same con-
figurations addressed previously but at a more detailed level.
II)AMST is a digital svst. m for two nian operation. The landing gear
is considered a modified C- 141 type. Although the YC-14 and YC-15
incorporate different designs, both represent similar technology and
utilize portions of existing designs. The more detailed design
differences are shown in F'igure 9. Portions of the main and nose
gear design option decision trees are reproduced in this figure and
annotated C-14 or C-15 at the bench-point of the design difference.
The conventional and task-ortented ISI)/.J([D approaches can also be
realistically considered as alternatives since each approach may be
reflected in the niatnte.nance action network input data. Finally, a
subsystem level alternative, insertable SKE was selected. SKE
makes up a portion of the adverse weather aerial delivery system
(AWADS). Insertable SKE addresses the alternative listing item of
limited AWADS. The insertable approach is feasible Since AWADS ip
required only on selected flights. Inse rtable SKE. thertfore,
theoretically represents a way to reduce life cycle costs since a
reduced number of units would be required and less naintenance
would be anticipated.

Reliability (1). 'Maintainability (M). and \I iintenance Manpower
Requirement s

The A.MST cormparability analvsis and maintenance action net-
works for the subsystems addressed in the conceptual phase were
updated to reflect the tmort detailed design data and improved infor-
mation available in the prototype phas,,. These subsystems were the
2MF[) and 3M F) avionics and the nodified (-141 landing gear.
Additionally, a new configuration and a network were pr, 'pared for
the Ii)AMST option. All networks were prepared to refltct a rather
traditional or conventional approach to personnel, training, and job
guides. Specifically, this was 5-skill-level manning supported by 3-
skill-levol helpers, conventional training, and conventional technical
orders. An additional set of maintenance action networks reflecting a
task-oriented option was also developed for tie 2MFI) avionics and
the modified C-141 landing gear.

Tables 17 and 18 present the P&M summaries for the 3MFD
avionics and the IDAMST avionics, respectively. Both configurations
reflect the conventional approach to personnel, training, and
technical manuals. The 3M FI) confaguration represents a simple
avionics suite composed of discrete off-the-shelf components with
discrete displays and controls. The IDANMST on the other hand
represents a very sophisticated and totally integrated conceptual
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Hff oad. (21 .6m6 7.1 2.62 4.56 1"01 .6
VHF/FMA 11d86 23.30 0.0 1.27 0.013 Am0 I
VH4F/AM Had.. .0620 4269 0.74 2.12 0.140 .136
UHF A" (21 .0266 30.0 1.04 Lz67 0j"0 AM6
UHF 4F .0113 600.0 0.17 1.33 GAGN .01
Ineq... .7463 6.0 @.5G 2.04 1.03 .114
Public Addmnu G"I6 206.0 0.AK 3.70 0.041 60

IFF A"64 300.0 1.01 3.1 0047 AM0
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IF 4F 09146 34.1 1.1 3.19 0-260 .166
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Haa 163 4.4 1.72 &511 2.913 1.00

SI 860 20.9 1.26 2-96 0.476 .16
*a .0014 19.0 0.04 2,10 0.366 .1ds

Mw H.5620 200 1.42 3.36 0.36 n24

Table 17 R&M SUMMARY - 3MFD AVIONICS

Conventmona Manning. Training. and Tech Manuals
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SKI 01161 26.3 I 20 2661 0.371 .0O6
on -064 22,0 0.66 2.19 0.2 .136
fletfa.se O@pby a*~u 006 1310.4 I.06 18? 0.003 .003

ftcmpurpow owpfts owl1 41.2 1,14 1.76 0.011 130
00' cp~okgu 0 16 1.71 0.042 *03

"m Mummay vme 070 91 126.0 ISO 212 0.046 02

hAmetos Commko 9079 610.3 101 1 32 0.006 004
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Tabl 16 R&M SUMMARY - DAMST

Conwotiona Manning. Trastng and Tech Manuals
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system. Although the basic sensors found in the 3M1ID are retained in

IDAMSTI, the discrete controls and displays are eliminated. The

elimination of these discrete controls and displays accounts for in-

creases in both availability and Mi.'IBMA of the individual items in
the IDAMST configuration. In the IDAMST. a highly reliable pro-
cessor, core, display, and control group provide integration and

replace the discrete displays anti controls of the 3MII) avionics. For

example, the availability of the VI.'/AN1 radio in the IDANIST in-

creases to .9690 fron .9528 in the 3MFI) avionics. This is because
the discrete mechanical control has been eliminated and replaced by
the electronic control group which has a very high reliability.

Before presenting the additional results, it is appropriate to

list the very conservative actions taken to reflect the 3-skill-level,

task-oriented IS)/,I;) approach in updating maintenance action net-

works. The rationale for each action is provided in parentheses
following the description of the action. The statement of the rationale

is substantiated by a thorough review of the literature which
addresses the unplications of task-oriented training as supported by
proceduralized aids. The actions and rationales are as follows. The

percentages used are representative of conclusions found in the

literature.

(1) leduce the times for flight line cannot -duplicate,
troubleshoo'. and nainrain on aircraft by 10 percent
each. (Proceduralized aids reduce maintenance times.)

(2) Reduce flight linte prohatbilitv of cannot -duplicate by 50
percent anti reduce the nmiiber of cannot -duplicate

actions accordingly. (Pro,'eduralized aids will increase

possibilitv ol first t111,' diagnosis.
(3) Increasv MI.IIIMA. as appropriate. based on action (2)

above.

(4) Reduce shop probability of cannot-duplicate by 50 percent

and reduce the number of flight line remove and replace

actions accordingly. (IProceduralized aids reduce false
removals. )

(5) Increase the number of flight line canmot-duplicate
actions by the same ntmiber as action (4) to reflect early
cannot -duplicate determination. (Proceduralized aids

reduce false removals.)

68



(6) Retain personnel quantit, and AFSC skills, but modify
skill levels as follows:
(a) Assure that one AI'SC 413X1 position is always a 5-

skill-level to provide supervision.
(b) Assure that all shop personnel called to flight line

are 5-skill-level (no reduction in ship skills is
assumed for this study).

(c) Set all flight line specialists performing cannot-
duplicate. roubleshooting, and remove and replace
tasks at the 3-skill-level (proceduralized aids allow
jobs to be performed by lesser skills).

(d) For maintain on aircraft actions and each AFSC
involved, set one specialist at the 5-skill-level and
all others of the same AFSC at the 3-skill-level.
(Maintain on aircraft is assumed to be a more
difficult and complex action. Therefore, skills can-
not be reduced.)

Tables 19 and 20 present the R&M summaries for the conven-
tional anti task-oriented options with the 2MF'D avionics. Some inte-
gration of controls and displays is also provided in the 2MF'D
avionics but not to the same degree as IDAMST. The integration here
is represented by the integrated communications control, the integra-
ted navigation control, the integrated navigation signal converter, the
mission computer, the three ('RTs, and a (igital scan converter.
Procesving and core, however, are held to a minimum.

The primary goal in the 2IFI) avionics design is to reduce in-
flight workload for compatibility with both the expected mission and a
limited flight deck crew. The object of the comparison of Tables 19
and 20 is to consider the impact of a logistic alternative, the conven-
tional versus task-oriented approach. A comparison of Table 19 with
Table 17 or 18. on the other hand. facilitates the evaluation of a
design alternative.

In comparing the task-oriented approach to the conventional
approach for the 2MFI) avionics and also for the landing gear
(Tables 21 and 22). the reader should note that the assumed
advantages of the task-oriented approach have been appropriately
quantified. Availability increases, NIPIIBMA increases, MTTR
decreases, and NIMI/FJi decreases. Other logistic alternatives
could be quantified in a similar manner given the initial assumed
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advantages and disadvantages of each approach. CHHFT does not make
decisions it is simply used to quantify the impact of design and

support alternatives. In doing so. it uses the best available informa-

tion. The result must therefore be considered in that light.

FL FL ohm

ler AnidsWIb WIHOMA ft" IT MT MM/FH NUN

Man 9j 204 3.0 0.46 2.236 o.332 0.32
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Table 22 R&M SUMMARY - MODIFIED LANDING GEAR

Task4 netunl Momueg. Toesn, an Teb Menuls

Maintenance manpower requirements at the squadron level
were determined using the technique described in Section 1]. These

requirements are depicted for avionics in Table 23 and for landing
gear in Table 24. The equipment configuration and personnel/traning/
tech manual approach are noted. In Table 23. for example, a different

manpower requirement is associated with each avionics configuration.
A review of this data with reference to conceptual phase data (see
Table 4 ) indicates results ot similar magnitude. Both 2MFD and
3MFD avionics with the conventional option, however, now show a
reduction in manpower requirements.
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Additionally, the conceptual phase conclusion that the 3MFD
would require more maintenance personnel than the 2MFD is no
longer supported. This contradition cannot be fully explained. It may
be due to the availability of more detailed and more accurate data in
the validation phase, with the validation phase results being the "true"
information. It may be due to random variations of data from one
analysis to another, with the difference between results not
significant. Furthermore, the issue is confounded when it is noted in
Table 23 that use of the task-oriented approach in the validation phase
reduces 2MFD personnel requirements to less than those for the
3MFD, thus reasserting the conceptual phase results that the 3MFD
requires more maintenance personnel. It is obvious that research is
needed to clarify this topic and to determine the validity of early pre-
dictions of manpower requirements.

The subsystem level alternative of fixed versus insertable
SKE was also addressed during this phase of the demonstration. The
objective here was twofold. First was the development of the technique
to both isolate a single subsystem from a system maintenance net-
work and then address this subsystem and its alternatives in terms of
both scheduled and unscheduled maintenance. Second was the evalua-
tion ot the specific SKE alternative described. Both of these objectives
were achieved.

The network reflecting unscheduled maintenance on the fixed
SKE (Figure 10) was stripped from the 2.MFD avionics and was
independently assessed to quantify reliability, maintainability, and

maintenance manpower requirements. This network was then
modified to reflect SKE which was inserted only on flights having an
SKE requirement. It was assumed that half of the flights would have
an SKE requirement. The original unscheduled maintenance network
was modified to reflect this 50 percent use factor by reducing the
probability of subsystem failure in the original network by one half.
This results in an increase in hIFHBMA from 26.3 to 52.6. The
modified unscheduled maintenance network is shown in Figure 11 and
reflects this single change.

A scheduled maintenance network (Figure 12) was then
developed to reflect the time required to insert and remove SKE on
those flights for which it was required. The personnel quantity,

skills, and skill levels, and times required for unscheduled removal
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and replacement and shop viere used for scheduled insertion and
removal and shop checkout. The resulting networks were then assess-
ed to quantify reliability, maintainability, and maintenance manpower
requirements for the insertable alternative. The scheduled mainte-
nance rate is described through the MFHBMA factor. In this case
average sortie length was assumed at one hour. Since the SKE would
be required on every other flight, the MFHBMA for insertion and
removal is two hours.

The impact of this alternative was surprising. An insertable
SKE would require a tenfold increase in SKE support personnel.
Analysis of the data revealed that this manpower requirement was
directly due to the time required for insertion and removal effort.
This effort, as calculated, completely negated any maintenance man-
power reduction due to reduced unscheduled maintenance. The next
step would be to investigate and verify input data. such as insertion

frequency and the insert and removal time. Is the time representative?
Could the time, skills, and personnel required for insertion and
removal be reduced by improved training or technical data? Is there
an equipment access or location problem that could be solved by re-
design or relocation? After these questions were answered, a new
alternative could be described and evaluated.

In this case it was found that the scheduled maintenance rate
should have been 10 hours rather than two hours. The average flight
is assumed to be five hours and consists of five sorties. It is on
every other flight, not sortie, that SKE is inserted. More correctly,
SKE support personnel would have to double to support the insertable
concept. It would be appropriate to readdress this alternative after
validating the insert and removal times.

The objectives of this particular demonstration were achieved.
A technique to isolate a single subsystem was developed and that sub-
system and its alternative were addressed. Additionally, a technique

was also developed to reflect scheduled maintenance. Finally, the
results were adequate to access these two alternatives and to identify
areas for continued consideration.
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Operations Manpower Requirements

Operation manpower requirements were updated in this phase
utilizing the prototype proposal delivery schedules. The technique
used was the same as applied in the conceptual phase. Therefore no
additional discussion will be provided. The data are presented in
Table 25.

FISCAL VEAR

31 91 9 " U K 02 030 01 06J 07 s

CREW TO K TRAgNEC'

32 132134 III lit 6 S 4 0 0 0 0 0

TOTAL OPIERATIONS AfC INSTRUCTOR CREWS REOUIREO

L ,o 8401 101 301 392 1 4 5 14 5 0f = f 12 72 0

CREW COMPOSUTION

Nlml.poq°

BASC REOUIREMENET TRAINING REOUIREMENT OERIVATION

Ce ;e./AkregI FY 40 Now Crow Reouaremem * 10% Ttwywotr
29-6_i 100110d A"Oraft 10 F Y9O04 % Tt,.m,
16-TrW"n6 Aaretw fud FY04M 10% Tut,.ou btaftIei by Ae mutp

Tble 25 OPERATIONS MANPOWER REOUIREMENTS LIST

PER FY

Scope and Magnitude of Training and Technical Manuals for
Maintenance Personnel

Specialty training course estimates remain the same as
developed for the conceptual phase. The technique described in
Section II was used. Technical training data were not addressed due
to delays in obtaining comparability data from the C-141 technical
training course. Information is available now, however, and
technical training will be addressed in the full-scale development
phase of this demonstration.
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Extensive work was done during the validation phase demon-
stration to refine the job guide content and cost algorithms. A signi-
ficant portion of this work was accomplished as a special study in
support of the F-16 SPO technical documentation negotiations. This
newly acquired information has been employed during this phase with
the following results.

Page types were defined in the conceptual phase as narrative,
schematic, and pictorial. Table 26. a new development, now
identifies a more extensive list of page types and indicates the type
manual in which they would be used by a C (conventional) or T (task
oriented). Task-oriented manuals are not covered for shop activities
since they are not presently used in that area.

TS NTS

Type F/L Shop F/L Shop

Naratve C/T C C C
Half Tone An C C C C
Helf Tone Explosion C C
Electromc Line An C C C

Exploded IUne Art C
Fault Isolation Charn T

Fault Nloation Schemtoc Block T C

Accu Line An T
Fault Igolaon Schemtic Flow T C
Fault Isolation Schematic Mach/Hyd T C

Job Guide Narrative T
J0b Guide Illustvta Ons T

Table 26 PAGE TYPES FOR CONVENTIONAL (C) AND TASK-ORIENTED (T MANUALS

The determination ot the number and type pages required for
each type manual is accomplished by algorithm. The input data re-
quired are the quantt:'t of subsystems. 1-D11s, and SRUs within a
system, and the quantity of actions performed at the subsystem,

LRU. and SRU level. The algorithms were developed after an
extensive review of current technical data manuals and were derived
through regression analysis using current F-16 technical manuals as
the estimating baseline. The complete set of algorithms is given in
Volume II along with the technical manual content estimate for each
equipment configuration addressed in this phase.
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The algorithm developed to predict the content of a fault isola-

tion manual to support the task-oriented approach to flight line troube-
shooting is provided here as an example. The algorithm determines
the number of maintenance actions. pictorials. and schematics as a
function of the number of subsystems and LRUs. In this case:

Number of actions - 2 actions/subsystems - 2 actions/LRU
Number of pictorials - 2 pictorials/LRU
Number of schematics =1 schematic/subsystem + 1 schematic/

LRU

The total pages are then calculated as follows:

Number of pages 1 action page/action + 1/2 narrative page/
LRU

+ 1 pictorial page/pictorial
2 s heIiatic pages/subsvsten

* 1 schermatic page /l.R1

In this type manual the f,,llowing page type re-lationships are applicable:

action page - fault isolation chart
narrative page narrative
pictorial pave - access lite art
subsystem schemuatic page fault isolation schematic block
1R,' schematic page = fault isolation schematic flow

Additional details regarding page, types are provided in Reference 11.

All algorithms were applied dhuring 1,his phase of the demonstra-
tion. 'rhe results for the 21 I'I) convent inrial and task-oriented manuals

are presented in "abls 27 and 2H, respectivlv. The difference in
content between the two giene'ral tI\pes isfo uin.in the flight line manuals.

Cost estimaltes ior tht,s.' manuals were obtained and are shown
under SOC data. lstinal vs are, based on individual page costs
developed from a detailed analysis of each page type considered. Page
costs include page preparation. verification and validation. and
contract loading. This cost information is also included in Volume II.
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TS (pops) NTS (pps)

Pup TyVe -/ - 1 _shop F/IL

Pdrov 107 267 162 928
40I Tone An 54 29 27 26
Half Tome Explo~o 267 27
Electrnm Lim Ant 54 1012
Exploded Uine Arn 106

Foult Isolation Chwn
Fawl Iolatioin Schematic a-,c

Acessw Line An
Feult Isolation Schermic Flow
Fault lsolotio'i Schemtatic Mech/yd
Job Guscde Narrative
Job Guide Illustwetions

Total Pogps 215 1947 1110 1733

Table 27 2fAFD AVIONICS CONVFNTIONAL MANUALS

TS (pagis) Ni'S 4pep,)

PWg Type F/L Shop- FfL a" o

Nraie27 26 928
Half Tone An 296 26
Jell Tone Explosion 267 27
Electronic Line Art 1012 533
Exploded Line An 108
Fault Isolation Cat 160
Fault Isolation Schemnatic Mock 52
Amas Line A,' 106
Fault Isolation Schtematic Flow S
Fault Isolation Schei.tc MechlHyd

'Job Guide Narrative 540
*Job Guide Illustrations50

LTotal Pagi 401 1952 10ow 1735

Table 28 2MFD AVION4ICS TASK ORIENTED MANUALS



Training for Operations Personnel

In the validation phase, the preliminary operator task list
prepared in the conceptual phase is expanded in detail. For demon-
stration purposes, an expanded task list compatible with 2MFD
avionics was prepared for pilot and copilot duties. This expanded task
list which is enclosed in Volume I1 as part of the "Personnel,
Training, and Job Guide Section of the AMST Integrated Logistics
Support Plan. " It was developed from validation phase data.
Specifically, AF"DI.-TM-76-45-.GR. Advanced Medium STOL
Transport Crew Systems Technology Program, Austere Cockpit
Design. Mission Scetnario was used. Although the TM was prepared
for the 3MFi) avionics configuration, the results were adapted to a
2M FD avionics configuration by dropping those tasks which were
eliminated by integrated controls and by redistributing the remainder
between the pilot and copilot.

rhe expanded task list was reviewed against the conceptual
phase estimate of operator course length. Table 9., and the previous
results were supported. The validation phase estimate of operator
course length, however, is more detailed and is shown in Table 29.

PHASE SEGMENT DURATION"

Inmtsal Cigioom 14
sarnuiator 16
Flying 16

Wnien I

TreelY 3

49 days

Claseroom 14
F lywa 28
Wntn I

ANutns 64a y week dsc ule and ekides week .43 days

Table 29 OPERATOR COURSE LEN*GTH
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System ownership costs were derived in the validation phase
by selective application of the DAIS .CC model. This model was being
developed under a separate effort is now automated and driven
directly by the R&,% model. Reference material is identified in the
Bibliography (reference 5). The output of the R&%1 model, as run for
each ANIST avionics and landing gear option. was combined with a
unique ANIST 90C data base which is also provided in Volume 11. The
output was then processed through the system ownership cost modules
of the L.CC model.

With this improved cost model, the costs could now be sub-
divided into support investment (non-recurring costs) and operating
and support (recurring costs). S*OC was obtained for all desired cost
factors except costs of the initial maintenance training course.
support equipment. and support equipment maintenance. The cost
data are presented in 1976 'klAlars and are shown in Table 30. The
areas not covered will be thorou!',hly investigated during the full-
scale development phase demonstration. itsposal costs were not
addressed since only two individlual sYstems of the ANIST. avionics
and landing gear, we.re under consideration.

Ameom. Avionam Av,.nein Awowm Li.g Lora"Cwt Af 2"FO MWO iWO0 aoaMSn &W cow
Conveo.oenW~ Tab' O#wed Cowmwg~ena Csavn.e Cenwftmo Ted'orwated

.POMT INVIS1MNtT
a1f 2.146.923 31.?fl.001 110.971 U31.7'm 4.913.213 4*6.1to

"A"qmtmim "ensmh woo IAIS364 1,079.6"1 1.520.32 12043 106.710 WS.71S
Wx wmns U PhgFNM Love 10P.46 2"6.637 102'M1 11S.201 33.32 U6A4
B 0010 hbouwsal 3.4111 3.433 2.337 12330 6.722 11,722

TOTAL 63311.10 U3.13.782 S3.026*60.414011.116 1.2023 11"B"041

OP3RA'IN0 ANDO 8UPPOTIYR
an 114W40W Newww 2..S1.1.162.1.3 1333 .3171 S3,2
O"8 --1 fqupm Aftowmne 3.261.333 1031 .90 7,76431101 73,7W 9112.41" MAN33
Makumww T imm 3111004 431.38 lS114 "C"? 64"M9 4"391
A4uwgw 31.3611.11114 31.961,333 43.611,1 3136M.333 --

Aiew Tmmi. 2.410.000 31.490.000 11.307,80 11146.00 --

IPWU 2.31,11111 2273.323 2.201*3 2,777?? 213.31 215.33
OOM ft~es 112380 11,237.967 10.716.616 9.2"3.223 2.=233 2..32?

SAMn SMIMi 33.0114 33.06 - 3j6 -

bW**Wey lfpp 723 72.312 60.9114 101*3 43667 43k"?

TOTALIVAt "33*63136,03 37.13332 272.226 16.332.33 O.73.73

TAM 30 AMIT SYSTEM ONERSHIP COST DATA
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1111 and SOC Impact and If igh Drivers

The IIH and SOC impact was described in Section II as the
sunmarization and presentation of HiR and SOC data for baselines or
alternatives and the analysis of those data to determine feasibility,
acceptability, or need for further reiteration, or consideration. Just
as more accurate and efficient methods were devised to develop the
HR and SOC data, a better method to summarize, present, and
analyze the data was also sought. Two formats were devised, an
abbreviated impact analysis and a detailed impact analysis. Samples
of each format were developed for the 2MFD vs 3M"1D avionics option
with conventional ISD/JGI) and the conventional versus task-oriented

ISD/JGD option for 2MNI-D avionics.

The abbreviated format addresses all IIH considerations and
SOC (Tables 31 and 32). It quantifies availability (a function of
reliability and maintainability), maintenance manpower, training
costs per year, job guide docunentation investment cost, and job
guide documentation maintenance costs per year. The abbreviated
format also presents SOC in terms of support investment cost and
operating and support costs per year. Risk areas, problems, and
recommendations are also addressed. Risk areas and problems may
be determined from a review of the hIR and SOC data for "high
drivers" within the alternatives. *rhe method of identifying "high
drivers" and sample data were presented in Section II. The method
remains the same. Risk areas associated with human resources may
also be identified by judg-n.ent. Fhis was the case with the low opera-
tional risk identified. This risk area specifically refers to the
capability of a pilot and a copilot to perform the more intense and
complex tactical missions with the austere avionics suite envisioned.
The recommendations again are developed from the human resource
and system ownership ct,,; viewpoints and may be either negated or

supported by operations, design, and acquisition considerations.

The detailed impact analysis format (Tables 33 and 34)
expands on the system ownership cost. manpower, and technical
areas. It also adds acquisition cost (system investment), operations,
and schedule data. This format appears to be the most desirable and
with the addition of problems and recommendations should provide a
complete yet rather simplified display.
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F cton 2MFD 3MFD

A~uilkty.06w .0961 .11i

Mliomm M anw 1213 1163 -10o
5 Lolo 342 616s - 27
3 Lae 371 348 - 23

Opsraeaon vnpower 1632 2176 4111
ISO &/Yewa 9.06.02/y, l1.O0.OIO/y' *2A.Iwr

aOy 8 1.199.126 1.123.077 - 6606

JOD S/Yew. 89,184 /t 84.230/yr - 4g64/yr
Support Inweatmfit S U3.3301.560 63.026.M6 312*6

Opoeag W on6o e. 3S6A/yv 97.14S.131ftyt +11. 7 1.527/yv

Nigh At"* Opeational-low

PROBLEMS HP RADIO AND RADAR-LOW AVAILABILITY. EXCESSIVE RGM AND FL MWPH
ITEGRATED NAVIGATION CONTROL-EXCISUIVE A TIM

RECOMMNATION& ACCEPT 2MPD AprOAH. VALIDATE COMPARAILITY DATA.
CONSIDER REDESIGN ON ALTERNATIVES POR O4F RADIO AND RADAR.
TIGHTIN VECIFICATION ON INTEGRATED %AVIGATION CONTROL.

Tabl 31 ABBREVIATED IMPACT ANALYSIS -AVIONICS

2IiFD we 3MFD
CONVENTIONAL ISD/JOE

j ConventonOa Task O~inted
ISO/JGD ISO/JGO

Avo*&Ndty 110640 110

mnowmngnbok~pe 1 1213 1104 -109
6 LeI 0 42 b 12 -m3
3 Level 371 562 #22?

ISO StYew *.O63.OB2/yr 6.321.3613/yr - 167,709/v

DOD S 1.1"'.12 1.366.21 #177.164
JOD 8/Yew 8. 11 4 vy 123.663yr *34.73/yr
Support Inveatevont S 53.50 53.166.M3 -232.786

IOperatin ww Su6w5.36.36/vr 63,16611.620Yr -2,2?.346/v
tannual S/Yew
Risk Arna Operotonal-o Operetwowd-low

FOSE HF RADIO AND RADAR-LOMI AVAILABILITY. EXCESSIVE MR AND FL MHI9H
pfoRIGATEO NAVIGATION CO*TROL-EXCEUIIIVE RAN TIM[

RhCOMMINDATIONS ACCEPT TASKONIENT1O ISDIJOO APPROACH VALIDATE COMPARASILITV
DATA. TIHTEN WEPCIFOCATION ON INTIGRATED NAVIGATION CONTROL.

Tabl 32 ASSNEVIATED IMPACT ANALYSIS -2MFD AVIONICS
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Training and Job Guide Docunentation Products

The planned product for the validation phase was a personnel/
training/job guide plan. The goal was to provide an input to a valida-
tion phase integrated logistics support plan (ILSP) to a level of detail
beyond that normally expected in this phase. The product. "The
Personnel. Training and Job Guide Section of the Integrated Logistic
Support Plan for the Advanced Medium STOL Transport" is presented
in Volume r. The scope and detail of this coordinated section was
compared with similar sections of the F-16 full-scale development
ISP. The AMST product, based on prototype phase personnel,
training, and technical manual data derived through the CHRT process.
contained more useful and detailed data.

The feasibility of determining from validation phase data the
emphasis to be given a task in training and/or the technical manual

was also explored with positive results. This early determination is

necessary so that training and technical manual developers may better
describe, plan. and prioritize the full-scale development training and
technical manual efforts. The determination has been automated with

a prototype task intensity matrix program. The determination is
based on task data drawn from the R&M output as interpreted by the
task intensity program. The complete interpretation technique will be
described in a subsequent technical report.

The task intensity program identifies a requirement for train-
ing and/or technical manual coverage and quantifies the requirement
as low (I). medium (2). or high (3). Tasks are simply categorized as
flight line non-troubleshoot, flight line troubleshoot, and shop repair.
The flight line tasks are addressed at the subsystem level, while shop
repair is addressed at the LRU level. The determination has been
performed for the 2MFI) avionics and !anding gear and is included in
"The Personnel. Training. and Technical Manual Section of the
Integrated Logistic Support Plan for the Advanced Medium STOL
Transport.'

The presentation format is called a task intensity matrix. A
portion of the Task Intensity Matrix for the 2MFD avionics with the
task-oriented option is shown in Table 35. The sample shown is for

FACI0 (HF Radio-AN/ARC-123) and DAC210 (VHF/FM Radio-FM-
622A). The indentured codes FACIII-FAC112 and DAC313.
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represent LRUs which are repaired in the shop. Estimates of the
training/tech manual coverage required is presented as a fraction.
For example, the 1/3 in the flight line troubleshoot column
opposite DAC210 represents a low requirement for training coverage
over a high requirement for tech manual coverage.

uM? KOO . I £15 illoIgCS JS.-. CR(W - peor'7I110 fuist. Irs" @Olarg"D

osee...oeooseot o

I %&Ias:YP~~

,LIaTuL:'IL.IC : .Ia SlOce
.JOETNQA .I 1.00?' ?IO.,td I ,? B O EP£ Zit

IIS I 3

I V/a
FSCIIS I

I.. .. ... . oo..... o........ ... o.............

ftS' I I
sacuu I I a1

I............ ........ ................ *.... ......

Table 35 TASK INTEINSITY MATMR

3.4 CONCLUSIONS - VALIDATION (PROTOTYPE) PHASE

The results of the validation (prototype) phase demonstration
support the conceptual phase conclusion that HR and SOC data can be
developed for a system through a logical, rational, and repeatable
process. The specific conclusions follow.

A. Application of the CHRT process and CDB is feasible in the
validation phase.
I. The more detailed data required for the continued CDB

evolution required to support a more detailed design can
be obtained in the validation phase.

2. The CHRT process is sensitive at the subsystem level and
can be used to address components of the subsystem.

3. The personnel/training/technical manual concept.
whether conventional, task-oriented, or a mix, can be
reflected in the maintenance action networks and its
influence can be directly reflected in the HR and SOC
estimates.
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B. The validation phase products have been identified and repre-
sentative samples have been provided and evaluated for utility.
1. The HR and SOC derived through the CHRT process during

the validation phase were the same categories as concep-
tual phase estimates but reflect more accurate and
detailed input data. These estimates allow the system
manager to influence the selection of the full-scale
development baseline, to quantify risk/payoff areas, and
to identify viable alternatives for continued consideration
during full scale development.

2. The estimates derived allow the early development of a
detailed personnel/training/job guide plan.

3. A newly developed validation phase product, the task
intensity matrix, can provide an early indication of
unusual requirements in training and job guide documenta-
t ion.

C. The CDB. as modified, supports the CHRT process.
1. An updated and expanded SOC model has been added.
2. The task intensity matrix tool has been added.

D. Inadequacies and/or inconsistencies in the CHRT process and
the CDB have been identified. All have been either corrected
or earmarked for future consideration.
1. The R&M model must be improved to effectively quantify

support equipment needs as well as manpower. This must
be done to quantify support equipment costs and to provide
complete R&M and LCOM compatibility.

2. Technical training must be addressed to totally represent
training costs per year.

3. A technique to determine the costs to establish a training
course should be considered.

4. A technique should be developed to address the phase in
and phase out of a system. Data presently reflect a fully
phased-in system.

5. Activity was not initiated on LCOM during this phase,
although LCOM should be run during validation on
alternatives of specific interest. LCOM runs will be
made during the full development phase demonstration.
Additionally, R&M and LCOM results will be compared
for compatibility.
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The conclusions made dtirig this stW on I pa rt of t- C IIlFT
demonstration will be reconstd.r, d Ln t Ii. l hird ind fti'al part o f the
demonstration. Pinal conclusions will tlhie: he a r.s(.sd In a sub-
sequent technical report.

3.5 VALIDITY O1 TiHl.E PIEi'ITI) A I'A

A central issue is tht. validity of the conceptual phase require-
ments and the validation phase requirements which were predicted by
the CURT technique. Indeed, this is a central issue to all predtictive
methodologies used throughout system acquisition sludies. In this

demonstration of ('lIRT'. there is no external evidence regarding the

validity of the predicted requirements. Confidence in the predicted
manpower, reliability. maintainability, technical data, training, and

cost requirements is dependent upon confidence in the logic- of the
procedure, the reasonableness of tht assunipt tons, and the relevance

of the input data.

Clearly, caution nmust be tused in applying the results of CHRT
analyses to engineering and management decision-making during
system acquisition. Clearly, new investigations are needed to address

this central issue of the validity of predicted requirements. However,

CHRT, even in its present form, is a valuable tool for the weapon
system engineer and the weapon system manager. 'IRT provides a

systematic, quantitative, and trackable procedure for addressing the

human resource, logistic, and ownership cost issues involved in a
system acquisition program. ('uRT, therefore, represents a signifi-
cant advance over current practices.
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IV. I.'TI 1. SCA I: I )IVI.OIV\1I' I)I'MONSTHATION PLANS

l'ht- dvt ionstratiom (,! C'iil I' as applied in a full-scaile develop-
1n1 pha- v will b, .Ondkuctvd bet ven 16 August 1978 and 15 May

11"79. Th,. A.ST ii"tnm mi, -n gintri-ng developtient (M E)) phase was
expected it) be tht. . ,is t.ration velicle and provide both a real time
source t data and ai pptl)rtunit'. for a practical appliL ation of ('11RT.
[he AMST progra i. ho ever, ?s delayed, and all data are secured as
source" selection sensitive. A.,IST MI) phase data. therefore, will be
sim ulated with pro,)ectt-d dat a base.d on actual hardware from the
C-141 landing gear and existing avionics. 1l1l and SOC data will be
developed for the 2MI) avionics and C-141 landing gear. Alternatives
will address different personnel. training, and job guide documenta-
tion approaches. and different detailed tesigns within the avionics and
landing gear systems.

Significant effort will also be .xpended in the development of
support equipnent maintenance action networks for the landing gear.
"rhese support equipment networks will be integrated with the landing
gear maintenance action networks and run on LCIONM to quantify
requirements as a function of both demand on support equipment and
avail.bihty of support equipment.

Heavy emphasis will also be placed on the development of the
training and technical manual products described in Ai'IItL-TR-73-43
and as perceived by the CiIIT process. Intermediate products will
include an annotated task identification matrix (ATIM). ISI)/JGD
decision ground rules, a level-of-detail guide, and tne test equipment
and tool use form. Th,. final products will be a full range of training
plans and job guide documertation samples supporting both the con-
ventional and task-oriented approach. These products will all be
included in the implementing (kJcumentation for the (IIRT process.
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